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Enjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	than	ever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed
trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	all—now	on	demand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	than	ever.See	What's	NewExplore	how
consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	all—now	on	demand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable
backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	than	ever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our
original	video	podcast	covers	it	all—now	on	demand.Watch	Now	The	ore	dressing	and	purification	process	is	to	separate	valuable	mineral	components	from	the	raw	ore	and	remove	unwanted	impurities.	According	to	different	ore	types	and	their	physical	and	chemical	properties,	ore	dressing	and	purification	methods	can	be	divided	into	many	types,
each	of	which	has	its	specific	working	principle	and	application	equipment.	The	following	are	several	common	ore	dressing	and	purification	methods,	their	basic	principles	and	the	main	process	equipment	used:	1.	Photoelectric	sorting	Principle:	Photoelectric	sorting	is	a	process	of	preliminary	enrichment	or	direct	acquisition	of	the	final	product	based
on	the	appearance	characteristics	(such	as	color,	luster,	shape)	or	specific	physical	properties	(such	as	density,	etc.)	of	minerals.	This	method	is	particularly	suitable	for	minerals	with	obvious	visual	differences	or	physical	properties.	Applicable	minerals:	quartz,	pebbles,	marble,	limonite,	wollastonite,	phosphate	rock,	bauxite,	limestone,	talc,	brucite,
magnesite	and	other	ores	with	obvious	appearance	characteristics	or	physical	characteristics.	Application	equipment:	color	sorter,	artificial	intelligence	sorter,	X-ray	sorter,	etc.	2.	Ore	washing	Principle:	Ore	washing	is	used	to	process	ores	containing	a	large	amount	of	clay	or	other	fine-grained	impurities.	By	means	of	hydraulic	flushing	or	mechanical
stirring,	the	ore	surface	is	cleaned	and	the	dissociation	between	mineral	particles	is	promoted,	thus	creating	favorable	conditions	for	subsequent	separation	operations.	Applicable	minerals:	Ores	containing	a	large	amount	of	clay	or	other	fine-grained	impurities,	such	as	iron	ore,	manganese	ore,	bauxite,	phosphate	ore,	etc.	Applicable	equipment:
spiral	ore	washer,	vibrating	screen,	double	spiral	ore	washer,	etc.	3.	Gravity	separation	Principle:	Gravity	separation	realizes	layered	transfer	in	an	appropriate	medium	flow	according	to	the	different	densities	of	the	ore	particles	to	achieve	the	purpose	of	separation.	It	includes	various	forms	such	as	jig	separation	and	shaking	table	separation.	For
some	non-metallic	minerals,	centrifugal	force	is	also	used	to	enhance	the	separation	effect,	such	as	the	separation	of	kaolin	and	gangue	particles.	Applicable	minerals:	Ores	with	large	density	differences,	such	as	tungsten-tin	ore	and	coal;	certain	non-ferrous	metals	(such	as	lead	and	zinc),	ferrous	metals	(such	as	iron),	precious	metals	(such	as	gold)
and	non-metallic	minerals	(such	as	quartz	sand,	kaolin).	Applicable	equipment:	moving	screen	jig,	shaking	table,	small	cone	angle	cyclone	group	or	centrifuge,	etc.	4.	Flotation	Principle:	Flotation	uses	the	difference	in	wettability	of	mineral	surfaces.	After	adding	appropriate	reagents,	minerals	are	separated	in	a	gas-liquid-solid	three-phase	interface
system.	This	method	is	widely	used	in	the	sorting	of	various	fine-grained	materials,	especially	when	the	mineral	itself	has	low	hardness	and	is	easy	to	mud.	Applicable	minerals:	non-ferrous	metal	ores	(such	as	copper,	lead,	zinc,	sulfur,	molybdenum,	etc.),	ferrous	metals	(such	as	magnetite	and	hematite	in	iron	ore),	rare	metals	(such	as	spodumene),
non-metallic	minerals	(such	as	graphite,	fluorite,	barite,	talc,	etc.).	Flotation	is	also	one	of	the	effective	means	of	treating	complex	paragenetic	ores.	Applied	equipment:	flotation	machine,	commonly	used	collectors	include	coal	tar,	and	frothers	include	pine	oil	or	butyl	ether	oil.	5.	Magnetic	separation	Principle:	Magnetic	separation	is	a	technology	that
achieves	separation	based	on	the	difference	in	magnetic	properties	between	different	minerals	under	the	action	of	a	magnetic	field.	It	is	one	of	the	effective	means	to	remove	iron	and	other	magnetic	impurities,	and	is	often	used	to	purify	non-metallic	minerals	such	as	talc	and	quartz	sand.	Applicable	minerals:	Ores	containing	magnetic	minerals,	such
as	iron	ore	(hematite,	magnetite),	ilmenite,	chromite,	siderite,	etc.;	can	also	be	used	to	remove	iron	impurities	in	non-metallic	ores	(such	as	quartz	sand,	feldspar,	kaolin,	talc,	etc.).	Applicable	equipment:	iron	remover,	magnetic	pulley,	dry	drum	magnetic	separator,	permanent	magnetic	drum	magnetic	separator,	induction	roller	magnetic	separator,
disc	magnetic	separator,	high	gradient	magnetic	separator,	etc.4.	6.	Electrostatic	separation	Principle:	Electrostatic	separation	relies	on	the	difference	in	the	electrical	properties	of	minerals	to	complete	the	selective	adsorption	and	separation	of	minerals	in	a	high-voltage	electric	field	environment.	Although	the	application	scope	of	this	technology	is
relatively	small,	it	still	shows	its	unique	advantages	in	specific	occasions,	such	as	the	separation	of	rare	minerals	such	as	diamond	and	zircon.	Applicable	minerals:	Ores	with	different	conductive	properties,	such	as	diamond,	zircon,	ilmenite	and	other	rare	minerals.	Applicable	equipment:	Roller	corona-electrostatic	composite	electric	field	electrostatic
separator.	7.	Chemical	beneficiation	Principle:	Chemical	beneficiation	refers	to	the	use	of	chemical	reaction	characteristics	between	minerals	to	separate	minerals	using	chemical	methods	such	as	acid-base	leaching	and	chlorination	roasting.	For	example,	for	graphite	with	high	purity	requirements,	the	silicate	impurities	can	be	removed	by	acid
leaching;	and	for	insoluble	fluorite,	its	purity	can	be	improved	by	hydrofluoric	acid	treatment.	Applicable	minerals:	ores	that	need	to	be	separated	or	purified	by	chemical	reactions,	such	as	using	acid-base	method	to	treat	graphite	to	remove	silicate	impurities;	using	hydrofluoric	acid	to	treat	insoluble	fluorite	to	improve	its	purity;	or	using	leaching
technology	to	extract	gold	from	low-grade	gold	mines.	Applied	equipment:	reactor,	leaching	tank,	etc.	8.	Selective	flocculation	Principle:	Selective	flocculation	is	to	add	specific	polymer	flocculants	to	make	the	target	mineral	form	loose	aggregates,	while	other	minerals	remain	dispersed,	and	then	combine	gravity	separation	or	flotation	to	separate
mineral	components.	This	method	is	particularly	suitable	for	the	separation	of	fine-grained	minerals.	Applicable	minerals:	separation	of	fine-grained	minerals,	especially	when	there	are	significant	differences	in	surface	properties	between	these	minerals,	such	as	the	selective	flocculation	flotation	technology	used	in	the	treatment	of	fine-grained	tin
ore.	Applicable	equipment:	flocculant	addition	system,	stirring	barrel,	etc.	9.	Calcination	or	roasting	Principle:	Calcination	or	roasting	is	to	use	the	physical	and	chemical	changes	of	minerals	at	high	temperatures	to	change	the	mineral	structure	or	remove	volatile	components.	For	example,	kaolin	can	be	calcined	to	remove	structural	water	to	form
metakaolinite;	while	graphite	can	be	roasted	at	high	temperature	to	remove	low-melting	impurities	and	obtain	higher-grade	products.	Applicable	minerals:	ores	that	undergo	physical	and	chemical	changes	at	high	temperatures	to	facilitate	subsequent	processing,	such	as	kaolin	can	be	calcined	to	remove	structural	water	to	form	metakaolinite;
graphite	can	be	roasted	at	high	temperatures	to	remove	low-melting	impurities	to	obtain	higher-grade	products;	in	addition,	it	also	includes	bauxite,	magnesite,	etc.	Applicable	equipment:	rotary	kiln,	vertical	furnace,	tunnel	kiln,	etc.	In	summary,	it	is	crucial	to	choose	the	appropriate	mineral	processing	and	purification	method	for	specific	ore	types
and	needs.	At	the	same	time,	with	the	advancement	of	science	and	technology,	new	technologies	and	equipment	continue	to	emerge,	which	improves	the	efficiency	of	mineral	processing	while	reducing	costs	and	promoting	the	effective	use	of	resources.	These	methods	and	technologies	are	not	limited	to	metal	ores,	but	are	also	applicable	to	the
processing	of	non-metallic	ores.	are	used	to	increase	the	metal	content	in	the	ore.	This	is	achieved	by	removing	most	of	the	waste	rock,	as	well	as	selective	enrichment	with	subsequent	production	of	concentrate.	If	the	ore	contains	secondary	elements	of	interest	and	economic	value,	then	this	problem	is	solved	by	collective	enrichment	(collective
flotation)	with	subsequent	separation	of	each	metal	into	a	separate	product	suitable	for	further	enrichment	or	processing.	For	example,	non-ferrous	metal	ores	are	characterized	by	a	multi-component	composition;	as	a	result	of	enrichment	of	such	ores,	up	to	5-6	concentrates	of	various	elements	are	obtained.	Conditionally,	enrichment	methods	can	be
divided	into	the	following	stages:	Ore	crushing.	Crushing	is	performed	for	the	most	complete	opening	of	intergrowths,	as	a	result	of	which	valuable	ore	components	are	separated	from	waste	rock	as	much	as	possible,	however,	crushing	is	a	rather	knowledge-intensive	process,	as	it	requires	careful	analysis	of	the	ore	to	select	the	required	crushing
size.	Over-crushing	can	significantly	worsen	subsequent	enrichment	processes.	The	processes	that	are	mainly	used	for	primary	enrichment	include	magnetic	separation	processes,	gravity	enrichment,	etc.	The	most	widespread	and	efficient	enrichment	processes	are	provided	by	flotation	processes.	Preliminary	enrichment	of	ore	raw	materials	provides
the	following	advantages:	Increases	the	complexity	of	using	raw	materials	by	separating	valuable	components	into	separate	concentrates	suitable	for	further	independent	metallurgical	processing.	Reduces	the	cost	of	subsequent	metallurgical	operations	and	lowers	the	cost	of	the	final	product	primarily	by	reducing	the	volume	of	processed	materials.
Allows	processing	of	poor	ores	that	are	not	suitable	for	direct	metallurgical	processing.	Flotation	is	a	method	of	enrichment	based	on	the	selective	adhesion	of	mineral	particles	suspended	in	the	pulp	to	air	bubbles.	Mineral	particles	that	are	poorly	wetted	by	water	adhere	to	air	bubbles	and	rise	with	them	to	the	surface	of	the	pulp,	forming	mineralized
foam	on	the	surface	of	the	pulp.	Particles	that	are	well	wetted	by	water	remain	in	the	internal	volume	of	the	pulp.	However,	such	separation	is	only	possible	with	the	use	of	flotation	reagents	-	organic	and	inorganic	compounds.	Reagents,	depending	on	their	purpose,	are	divided	into	collectors,	foaming	agents,	depressors,	activators	and	environmental
regulators.	Collectors	are	reagents	that	selectively	reduce	the	wettability	of	certain	mineral	particles	with	water.	These	include	potassium	(less	often	sodium)	xanthates.	The	most	commonly	used	foaming	agents	are	aliphatic	alcohols,	phenols,	cresol	and	a	number	of	other	synthetic	compounds	based	on	propylene	and	ethylene	oxides.	The	main	effect
of	foaming	agents	is	to	reduce	the	interfacial	tension	at	the	liquid-air	boundary,	resulting	in	the	formation	of	smaller	air	bubbles	in	the	pulp,	which	in	turn	leads	to	the	formation	of	a	strong	and	stable	foam.	Depressants	delay	the	flotation	of	any	mineral,	as	if	suppressing	it.	They	promote	the	formation	of	a	well-wetted	surface	on	the	mineral.	Activators
have	the	opposite	effect	to	depressants,	restoring	the	floatability	of	depressed	materials.	Environmental	regulators	are	used	to	create	an	environment	with	specific	physical	and	chemical	properties.	Flotation	is	carried	out	in	devices	called	flotation	machines.	Each	element	in	the	ore	can	be	matched	with	a	reagent	that	either	enhances	the	floatability
of	the	element	or	worsens	it.	The	entire	spectrum	of	reagents	and	their	basic	properties	can	be	found	in	special	reference	books	on	flotation.	Ore	dressing	is	a	crucial	process	that	separates	and	concentrates	valuable	minerals	from	their	host	ores.	It	involves	physical	and	chemical	techniques	such	as	crushing,	grinding,	screening,	flotation,	gravity
separation,	and	leaching	to	remove	impurities	(gangue	minerals)	and	enhance	the	quality	of	the	mineral	product.	This	process	plays	a	vital	role	in	various	industries,	including	mining,	metallurgy,	and	construction,	as	it	ensures	the	efficient	extraction	and	utilization	of	mineral	resources.	Uncovering	the	Secret	World	of	Mineral	Processing	and
Extraction	Hey	there,	curious	minds!	Ready	to	delve	into	the	fascinating	realm	of	mineral	processing	and	extraction?	Picture	this:	you’re	out	on	an	adventure,	exploring	the	depths	of	the	earth,	searching	for	hidden	treasures.	That’s	essentially	what	mineral	processing	is	all	about	–	excavating	valuable	minerals	from	their	natural	sources.	So,	what
exactly	is	mineral	processing?	It’s	like	a	culinary	adventure	for	minerals	–	a	series	of	treatments	that	transform	raw,	unrefined	ores	into	pure,	glistening	gems.	It’s	not	just	about	digging	them	out;	it’s	about	unlocking	their	true	potential	and	making	them	ready	for	all	sorts	of	essential	purposes	in	our	modern	world.	Think	about	your	smartphone,	your
sleek	laptop,	or	even	that	shiny	new	car	–	they	all	rely	on	minerals	that	have	undergone	this	miraculous	transformation.	So,	let’s	dig	deeper	into	the	exciting	journey	of	mineral	processing	and	extraction,	shall	we?	Mineral	Processing:	Unlocking	Earth’s	Hidden	Treasures	Picture	this:	deep	within	the	Earth’s	crust,	valuable	minerals	slumber,	just
waiting	to	be	unearthed	and	transformed	into	the	gadgets,	buildings,	and	infrastructure	that	shape	our	modern	world.	Enter	mineral	processing,	the	magical	process	that	takes	these	raw	materials	and	turns	them	into	the	glittering	treasures	we	rely	on.	Mineral	processing	is	like	a	culinary	adventure	for	ores,	the	rocky	homes	of	these	precious
minerals.	Just	as	a	chef	carefully	extracts	the	finest	flavors	from	raw	ingredients,	mineral	processors	use	a	symphony	of	techniques	to	separate	and	purify	the	minerals	from	their	rocky	companions.	This	dance	of	crushing,	grinding,	and	separation	releases	the	minerals	from	the	gangue,	the	less	valuable	rock	that	surrounds	them.	These	isolated
minerals	then	embark	on	a	journey	through	flotation	cells,	where	frothy	bubbles	gently	lift	them	to	the	surface,	leaving	the	gangue	behind.	It’s	like	a	mineral-filled	bubble	bath,	but	with	the	bubbles	doing	all	the	heavy	lifting!	The	resulting	mineral	concentrate	is	then	further	refined	through	leaching,	magnetic	separation,	and	electrostatic	sorting,	each
method	tailored	to	the	unique	properties	of	the	minerals.	It’s	like	a	mineral	spa,	giving	them	a	sparkling	makeover	before	they’re	ready	to	shine	in	our	everyday	lives.	Why	Does	Mineral	Processing	Matter?	Without	mineral	processing,	our	world	would	be	a	much	less	sparkly	and	technologically	advanced	place.	It’s	the	key	to	unlocking	the	minerals	we
need	to	build	everything	from	smartphones	to	skyscrapers,	pave	our	roads,	and	power	our	homes.	By	transforming	raw	ores	into	valuable	resources,	mineral	processing	plays	a	crucial	role	in	our	progress	and	prosperity.	It’s	the	secret	behind	the	everyday	miracles	that	make	our	modern	lives	possible.	Types	of	Ores:	Describe	different	types	of	mineral
ores	and	their	properties.	Types	of	Mineral	Ores:	The	Building	Blocks	of	Our	World	When	it	comes	to	getting	our	hands	on	the	valuable	minerals	that	make	our	modern	world	possible,	it	all	starts	with	the	ores	that	hold	them.	These	ores	are	like	treasure	chests	filled	with	the	raw	materials	we	need	to	build	skyscrapers,	power	our	electronics,	and	make
life	as	we	know	it	possible.	So,	let’s	dive	into	the	world	of	mineral	ores	and	uncover	their	fascinating	diversity.	Ores:	The	Mineral	Supermarket	Mineral	ores	come	in	all	shapes	and	sizes,	each	with	its	own	unique	set	of	properties.	Some	are	massive	ores,	where	minerals	form	solid	chunks	embedded	in	the	rock.	Others	are	disseminated	ores,	where
minerals	are	scattered	throughout	the	rock	like	tiny	sprinkles	on	a	cupcake.	There’s	also	powdery	ores,	where	minerals	look	more	like	dust	than	treasure,	and	nodular	ores,	where	minerals	take	the	shape	of	little	lumps.	The	Good,	the	Bad,	and	the	Gangue	Inside	these	ores,	you’ll	find	a	mix	of	valuable	minerals	and	gangue	minerals,	which	are	basically
the	unwanted	extras.	Valuable	minerals	are	the	stars	of	the	show,	while	gangue	minerals	are	just	there	to	make	things	more	complicated.	Getting	rid	of	gangue	minerals	is	like	sorting	through	a	bag	of	candy	to	find	the	good	stuff.	It’s	a	crucial	step	in	beneficiation,	the	process	of	making	ores	more	valuable.	But	wait,	there’s	more!	In	addition	to	ores
and	gangue	minerals,	you’ll	also	find	other	essential	components	in	mineral	processing.	Water	is	like	the	blood	of	the	operation,	carrying	ores	and	chemicals	throughout	the	process.	Chemicals	play	a	vital	role	in	separating	minerals,	while	reagents	help	to	enhance	the	separation	process.	It’s	like	a	well-oiled	machine,	with	each	component	working
together	to	turn	raw	ores	into	the	building	blocks	of	our	world.	And	there	you	have	it,	a	crash	course	on	the	types	of	mineral	ores	and	their	properties.	Now	you	know	that	ores	aren’t	just	boring	rocks;	they’re	treasure	chests	filled	with	the	raw	materials	that	make	our	world	go	round.	So	next	time	you	use	your	smartphone	or	drive	your	car,	remember
the	journey	that	those	materials	took	from	being	hidden	in	ores	to	becoming	part	of	our	everyday	lives.	Gangue	Minerals:	The	Unwanted	Guests	at	the	Ore	Party	When	it	comes	to	mining,	we’re	all	about	getting	our	hands	on	the	valuable	minerals.	But	there’s	a	catch:	these	minerals	come	wrapped	up	in	a	not-so-glamorous	package	called	gangue
minerals.	These	pesky	guys	are	like	the	uninvited	guests	at	a	party—they	don’t	contribute	to	the	fun,	and	they	just	take	up	space.	What’s	the	Deal	with	Gangue	Minerals?	Gangue	minerals	are	those	minerals	that	aren’t	the	main	game	we’re	after.	They’re	usually	the	unassuming	types,	with	no	flashy	properties	or	valuable	uses.	They’re	like	the	broccoli
of	the	mineral	world—good	for	you,	but	not	exactly	exciting.	Why	Do	We	Need	to	Get	Rid	of	Them?	Gangue	minerals,	while	harmless	in	themselves,	can	be	a	major	pain	when	it	comes	to	extracting	the	valuable	minerals.	They	can	clog	up	equipment,	reduce	the	efficiency	of	processes,	and	even	make	it	harder	to	separate	the	good	stuff	from	the	bad.
It’s	like	trying	to	find	a	needle	in	a	haystack	when	you’ve	got	a	bunch	of	straw	in	the	way.	The	Art	of	Gangue	Removal	So,	what’s	the	secret	to	getting	rid	of	these	pesky	gangue	minerals?	Well,	it	depends	on	the	minerals	involved	and	the	size	of	the	particles.	Some	methods	include:	Crushing	and	Grinding:	Breaking	the	ore	into	smaller	pieces	can	help
separate	the	gangue	from	the	valuable	minerals.	Think	of	it	as	a	game	of	hide-and-seek—the	smaller	the	pieces,	the	easier	it	is	to	find	what	you’re	looking	for.	Gravity	Separation:	This	is	a	classic	technique	that	uses	the	different	densities	of	minerals	to	separate	them.	The	heavier	gangue	minerals	sink	to	the	bottom,	while	the	lighter	valuable	minerals
float	to	the	top.	It’s	like	panning	for	gold—except	instead	of	gold,	you’re	after	the	minerals	you	actually	want.	Flotation:	This	method	uses	chemicals	and	air	bubbles	to	separate	minerals	based	on	their	surface	properties.	Certain	chemicals	attach	to	the	valuable	minerals,	making	them	float	to	the	surface,	while	the	gangue	minerals	sink.	It’s	like	a
bubble	bath	for	minerals—only	the	worthy	ones	get	to	float	on	top.	So,	there	you	have	it—the	lowdown	on	gangue	minerals	and	the	tricks	of	the	trade	to	get	rid	of	them.	With	the	right	techniques,	we	can	unlock	the	riches	hidden	within	the	earth,	all	while	leaving	the	gangue	minerals	behind	for	another	day.	Other	Essential	Components:	Discuss	the
importance	of	water,	chemicals,	and	reagents	in	mineral	processing.	Other	Essential	Components:	The	Unsung	Heroes	of	Mineral	Processing	You	know	what	they	say:	it’s	the	little	things	that	make	all	the	difference.	And	in	the	world	of	mineral	processing,	that	couldn’t	be	more	true!	Besides	the	ores	and	equipment,	there’s	a	trio	of	unsung	heroes	that
play	a	critical	role	in	extracting	those	valuable	minerals:	water,	chemicals,	and	reagents.	Water:	Picture	this:	a	mineral	processing	plant	without	water	is	like	a	fish	out	of	water.	It’s	indispensable!	Water	not	only	washes	away	the	impurities	from	the	ores,	but	it	also	helps	in	grinding	and	transporting	the	minerals.	And	let’s	not	forget	the	flotation	cells
—they	need	plenty	of	water	to	create	the	frothy	bubbles	that	trap	and	separate	the	minerals.	Chemicals:	Think	of	chemicals	as	the	secret	ingredients	in	mineral	processing.	They’re	meticulously	chosen	to	dissolve	minerals,	keep	them	suspended	in	water,	and	even	control	the	pH	levels.	Without	these	unsung	heroes,	the	whole	process	would	be	a
chemical	disaster!	Reagents:	Reagents	are	like	the	magic	wands	of	mineral	processing.	They	make	the	minerals	do	their	bidding	by	making	them	magnetic,	hydrophobic,	or	hydrophilic.	You	see,	minerals	can	be	quite	picky	about	who	they	stick	to,	but	reagents	can	convince	them	to	play	nice	and	separate	into	the	desired	products.	So	there	you	have	it,
the	dynamic	trio	of	water,	chemicals,	and	reagents.	They	may	not	be	the	stars	of	mineral	processing,	but	they	certainly	deserve	a	standing	ovation	for	their	essential	role	in	extracting	the	valuable	minerals	we	rely	on	daily.	The	Art	of	Stone	Crushing	and	Grinding:	From	Boulders	to	Bits	When	it	comes	to	extracting	valuable	minerals	from	the	earth’s
depths,	the	first	step	is	to	break	down	the	rocks	that	hold	them	captive.	Enter	the	world	of	crushing	and	grinding,	where	massive	machines	go	to	work	on	stubborn	stones,	turning	them	into	manageable	bits	ready	for	further	processing.	Crushers:	The	Beefy	Bodybuilders	of	the	Industry	Picture	a	jaw	crusher	as	a	giant	pair	of	metal	teeth,	chomping
down	on	rocks	like	they’re	crunchy	snacks.	These	behemoths	use	brute	force	to	shatter	rocks	into	smaller	pieces.	But	if	you	need	something	finer,	cone	crushers	come	to	the	rescue	with	their	cone-shaped	heads	that	squeeze	rocks	through	a	narrow	gap,	crushing	them	into	smaller	and	smaller	fragments.	Grinders:	The	Delicate	Dance	of	Pulverization
Once	the	rocks	have	been	crushed,	it’s	time	for	grinders	to	take	the	stage.	Ball	mills	lead	the	charge,	rotating	cylinders	filled	with	steel	balls	that	grind	the	rocks	into	a	fine	powder.	Rod	mills	use	steel	rods	instead	of	balls,	handling	tougher	rocks	that	demand	a	little	extra	persuasion.	These	crushing	and	grinding	processes	are	the	gateway	to
unlocking	the	valuable	minerals	hidden	within.	By	reducing	the	size	of	the	rocks,	we	expose	more	surface	area	for	extraction	and	make	the	separation	of	minerals	from	unwanted	materials	much	easier.	So,	raise	a	virtual	glass	to	these	mighty	machines,	the	unsung	heroes	of	the	mineral	processing	world!	Screening	and	Classification:	Describe	the
methods	used	to	separate	particles	based	on	size	and	shape.	Screening	and	Classification:	Sorting	Out	the	Good	Stuff	Mineral	processing	is	not	just	about	blasting	rocks	and	hoping	for	the	best.	It’s	like	a	giant	sorting	factory,	where	we	need	to	separate	the	valuable	minerals	from	the	unwanted	stuff.	And	one	of	the	most	important	steps	in	this	process
is	screening	and	classification.	Imagine	a	pile	of	rocks.	Some	of	those	rocks	are	hiding	tiny	treasures	of	minerals,	while	others	are	just	worthless	pebbles.	To	get	to	the	good	stuff,	we	need	to	sort	them	out.	That’s	where	screening	and	classification	come	in.	Screening	is	like	using	a	giant	sieve	to	separate	the	rocks	based	on	their	size.	We	pass	the	rocks
through	screens	with	different-sized	holes,	and	the	smaller	rocks	fall	through	while	the	bigger	ones	stay	on	top.	This	helps	us	remove	large	pieces	of	waste	rock	and	focus	on	the	smaller	rocks	that	might	contain	the	minerals	we’re	looking	for.	Classification,	on	the	other	hand,	is	all	about	separating	the	rocks	based	on	their	shape.	We	can	use	devices
like	classifiers	or	cyclones	to	sort	the	rocks	based	on	their	density	and	shape.	This	is	especially	useful	for	separating	minerals	that	have	similar	sizes	but	different	densities,	like	separating	gold	from	sand.	So,	screening	and	classification	are	like	the	detectives	of	mineral	processing.	They	help	us	separate	the	valuable	minerals	from	the	rest,	so	we	can
focus	on	extracting	them	and	turning	them	into	useful	products.	Flotation	Cells:	The	Magical	Bubbles	That	Separate	Minerals	Picture	this:	you’ve	got	a	bunch	of	rocks	with	different	minerals	hidden	inside,	like	a	treasure	trove	of	hidden	gems.	But	how	do	you	separate	the	shiny	gold	from	the	dull	dirt?	Enter	flotation	cells,	the	unsung	heroes	of	mineral
processing!	These	magical	machines	use	the	power	of	bubbles.	By	agitating	the	rocks	in	a	water-based	solution	and	adding	special	chemicals	called	frothers	and	collectors,	the	cells	create	a	frothy	soup.	The	frothers	make	the	bubbles	stable,	while	the	collectors	attach	to	specific	minerals,	making	them	water-repellent.	As	the	bubbles	rise	through	the
soup,	they	carry	the	attached	minerals	with	them,	much	like	a	watery	conveyor	belt.	The	minerals	then	form	a	froth	at	the	top	of	the	cell,	while	the	unwanted	gangue	minerals	sink	to	the	bottom.	Genius!	Flotation	cells	are	like	superhero	magnets,	but	for	minerals.	They	selectively	attract	the	valuable	minerals,	leaving	behind	the	junk.	This	process	is
crucial	for	mining	operations,	as	it	allows	precious	metals	and	minerals	to	be	extracted	from	their	rock	forms,	making	them	useful	for	everything	from	electronics	to	jewelry.	Flotation	Cells	in	Action	Flotation	cells	come	in	all	shapes	and	sizes,	from	gigantic	industrial	behemoths	to	more	modest	laboratory-scale	models.	The	process,	however,	remains
the	same:	Crush	the	Rocks:	First,	the	rocks	are	reduced	to	smaller	pieces,	making	it	easier	for	the	minerals	to	be	separated.	Add	Water	and	Chemicals:	The	crushed	rocks	are	then	mixed	with	water	and	the	magic	chemicals,	creating	the	frothy	soup.	Agitate	and	Flotate:	The	mixture	is	vigorously	agitated,	causing	bubbles	to	form	and	carry	the	minerals
to	the	surface.	Skim	the	Froth:	The	mineral-laden	froth	is	continuously	skimmed	off	the	top	of	the	cell,	leaving	behind	the	unwanted	gangue	minerals.	Purify	and	Refine:	The	froth	is	further	processed	to	remove	impurities,	resulting	in	pure	and	concentrated	mineral	products.	So,	there	you	have	it,	the	wizardry	of	flotation	cells.	By	harnessing	the	power
of	bubbles,	these	unsung	heroes	unlock	the	hidden	treasures	of	our	planet’s	mineral	wealth.	They’re	the	secret	behind	the	shiny	metals,	sparkling	gemstones,	and	countless	everyday	products	we	rely	on.	Comminution:	Explain	the	process	of	breaking	down	ores	into	smaller	particles	to	enhance	mineral	recovery.	Comminution:	Pulverizing	Ores	for
Profit	Think	about	a	treasure	chest	filled	with	precious	jewels,	but	they’re	all	locked	up	inside	a	massive	rock.	That’s	exactly	what	mineral	processing	is	all	about	–	breaking	down	the	rock	to	free	the	valuable	treasures	within.	Comminution	is	the	first	step	in	this	treasure	hunt,	and	it’s	like	taking	a	giant	hammer	to	that	rock,	smashing	it	into	tiny	pieces
to	reveal	the	hidden	gems.	Why	do	we	need	to	break	down	the	rocks?	Well,	the	smaller	the	pieces,	the	easier	it	is	to	separate	the	minerals	from	the	waste.	It’s	like	sorting	through	a	pile	of	coins	–	if	they’re	all	smashed	together,	it’s	a	nightmare.	But	if	you	break	them	apart,	it’s	a	breeze	to	pick	out	the	valuable	ones.	There	are	two	main	ways	to	do
comminution:	crushing	and	grinding.	Think	of	crushing	as	taking	a	boulder	and	hitting	it	with	a	sledgehammer.	It’s	a	brutal	but	effective	way	to	break	it	into	smaller	chunks.	Grinding,	on	the	other	hand,	is	more	like	taking	those	chunks	and	rubbing	them	against	each	other	until	they	turn	into	fine	powder.	The	choice	of	method	depends	on	the	size	and
toughness	of	the	rock.	For	example,	if	you’re	dealing	with	a	granite	boulder,	you’ll	need	a	jaw	crusher	with	some	serious	muscle.	But	if	you’re	working	with	a	softer	rock,	like	limestone,	you	can	use	a	ball	mill	to	grind	it	into	dust.	Once	the	rock	is	broken	down,	it’s	ready	for	the	next	step	in	the	treasure	hunt:	classification.	We’ll	dive	into	that	in	the
next	chapter,	where	we’ll	separate	the	gold	from	the	dirt	and	find	the	hidden	riches	that	await.	Stay	tuned,	folks!	Classification:	Sorting	Minerals	Like	a	Pro	When	it	comes	to	mineral	processing,	sorting	out	the	good	stuff	from	the	not-so-good	stuff	is	like	playing	a	game	of	I	Spy.	And	just	like	in	the	game,	we	have	different	methods	to	help	us	spot	the
minerals	we	want.	One	way	is	classifying	particles	based	on	their	size.	It’s	like	sifting	through	a	bag	of	flour	and	cocoa	powder.	The	coarser	flour	particles	will	end	up	in	one	pile,	while	the	finer	cocoa	powder	will	settle	in	another.	This	process,	called	“screening,”	helps	us	separate	minerals	with	different	particle	sizes.	But	it’s	not	just	about	size.
Density	also	plays	a	role.	Imagine	you	have	a	bucket	filled	with	water	and	a	mix	of	sand	and	pebbles.	When	you	drop	them	in,	the	pebbles	will	sink	to	the	bottom	because	they’re	denser	than	water.	And	the	sand?	It’ll	float	on	top.	This	is	the	idea	behind	gravity	separation.	By	controlling	the	flow	of	a	mineral-water	mixture,	we	can	separate	minerals
based	on	their	density.	Pretty	cool,	huh?	Now,	let’s	talk	about	a	method	that’s	a	bit	more	like	a	magic	trick.	Cyclones	are	cone-shaped	devices	that	use	centrifugal	force	to	separate	particles	based	on	their	density.	As	the	mineral-water	mixture	swirls	around	inside,	the	denser	particles	get	pushed	to	the	outside	and	sink	to	the	bottom,	while	the	lighter
particles	stay	suspended	and	are	discharged	from	the	top.	It’s	like	a	miniature	vortex	that	sorts	minerals	like	a	champ!	Gravity	Separation:	Describe	gravity-based	techniques	for	separating	minerals	with	different	specific	gravities.	Gravity	Separation:	The	Art	of	Sink	or	Float	Picture	this,	you	have	a	glass	of	lemonade	with	some	pulp	hanging	around.
What	do	you	do?	You	wait	for	gravity	to	do	its	magic,	letting	the	heavier	pulp	sink	to	the	bottom	while	the	lighter	lemonade	floats	to	the	top.	Well,	that’s	basically	how	gravity	separation	works	in	mineral	processing!	So,	when	you’ve	got	ores	with	minerals	of	different	weights,	it’s	time	to	let	gravity	play	the	judge	and	jury.	You	start	by	crushing	the	ore
into	smaller	pieces,	creating	a	slurry	(a	mixture	of	minerals	and	water).	Then,	you	pump	the	slurry	into	a	giant	tank	called	a	jig,	which	is	like	a	fancy	dance	floor	for	minerals.	Inside	the	jig,	the	slurry	gets	a	little	party	on,	with	water	rapidly	moving	up	and	down.	As	the	water	rises,	it	carries	the	lighter	minerals	upwards,	while	gravity	pulls	the	heavier
ones	to	the	bottom.	It’s	like	a	weightlifting	competition	for	minerals,	but	instead	of	dumbbells,	they’re	showing	off	their	specific	gravities!	Once	the	minerals	have	sorted	themselves	out,	you	can	collect	the	heavier	ones	from	the	bottom	and	the	lighter	ones	from	the	top.	And	there	you	have	it,	gravity	separation:	a	natural	way	to	let	gravity	do	the	dirty
work	of	mineral	sorting.	Flotation:	The	Foamy	Dance	of	Mineral	Separation	When	it	comes	to	separating	minerals,	sometimes	the	best	way	to	do	it	is	to	get	them	dancing	in	a	foamy	pool	party.	That’s	where	flotation	comes	in!	In	this	magical	process,	we	have	flotation	cells	that	act	like	little	dance	clubs	for	minerals.	They	splash	in	a	bubbly	soup	of
reagents	and	frothers,	which	are	like	the	secret	ingredients	that	make	the	minerals	groove	to	different	tunes.	Just	like	when	you	dance	with	different	partners,	different	minerals	have	different	affinities	for	these	reagents.	So,	we	can	use	them	like	a	musical	selective	door	policy,	allowing	only	the	minerals	we	want	to	join	the	foam	party	and	float	up	to
the	surface,	while	the	others	get	left	behind	like	wallflowers	on	the	dance	floor.	This	froth	floatation	is	a	pretty	cool	way	of	separating	minerals,	and	it’s	especially	useful	for	those	that	are	too	tiny	or	too	similar	in	size	to	separate	using	other	methods.	So,	the	next	time	you	see	a	foamy	pond	near	a	mine,	don’t	be	alarmed.	It’s	just	minerals	having	a
grand	time	at	their	exclusive	dance	party!	Leaching:	Explain	the	process	of	dissolving	minerals	into	a	liquid	solvent.	Leaching:	Unlocking	Minerals	with	a	Solvent	Bath	Imagine	a	scene	where	you	have	a	treasure	chest	with	a	keyhole,	but	the	key	is	nowhere	to	be	found.	Frustrating,	right?	Well,	that’s	what	ores	are	like:	they	contain	valuable	minerals,
but	they’re	locked	away	in	a	tough	matrix.	That’s	where	leaching	comes	in	–	it’s	like	a	liquid	skeleton	key	that	dissolves	the	matrix	and	frees	the	precious	minerals	within.	The	Dancing	Duo	of	Solvent	and	Mineral	The	magic	of	leaching	lies	in	the	harmonious	dance	between	a	liquid	solvent	(usually	water	or	a	chemical	solution)	and	the	mineral.	The
solvent	seeps	into	the	ore,	creating	a	dissolution	party	where	the	mineral	particles	break	free	from	their	rocky	prison	like	bubbles	popping	in	a	champagne	toast.	Heat	and	Agitation:	The	Secret	Ingredients	To	speed	up	the	party,	we	bring	in	the	power	duo	of	heat	and	agitation.	Heat	stirs	up	the	solvent,	increasing	its	energy,	while	agitation	gives	the
solvent	a	good	shake,	ensuring	it	reaches	every	nook	and	cranny	of	the	ore.	Together,	they’re	like	a	whirlwind,	dissolving	minerals	with	vigor.	Straining	the	Gold	from	the	Ganga	Once	the	minerals	are	dissolved,	it’s	time	to	separate	them	from	the	leftover	matrix.	This	is	where	filtration	and	decantation	take	center	stage.	Filtration	strains	the	mixture,
leaving	behind	a	solid	residue	called	tailings,	while	decantation	gently	pours	off	the	liquid	containing	the	dissolved	minerals.	The	Marvelous	Applications	of	Leaching	Leaching	is	not	just	a	party	trick;	it’s	a	versatile	tool	with	real-world	applications.	From	extracting	uranium	for	nuclear	energy	to	recovering	rare	earth	elements	for	our	smartphones,
leaching	plays	a	crucial	role	in	our	technological	advancements.	It’s	like	the	invisible	magician	behind	the	curtain,	making	everyday	objects	possible.	Electrostatic	Separation:	Discuss	the	principles	and	applications	of	electrostatic	separation	for	recovering	specific	minerals.	Electrostatic	Separation:	The	Magic	of	Magnetism	and	Minerals	Picture	this:
you’re	standing	at	the	edge	of	a	river,	panning	for	gold.	But	hey,	you’re	bored	of	the	classic	method.	So,	you	whip	out	your	magical	electrostatic	wand	and	start	waving	it	over	the	water.	Suddenly,	poof!	Tiny	golden	particles	start	sticking	to	the	wand	like	iron	filings	to	a	magnet.	That’s	the	power	of	electrostatic	separation,	folks!	This	super	cool
process	uses	electricity	to	separate	minerals	based	on	their	electrical	charges.	It’s	like	the	ultimate	mineral	magnet,	pulling	out	the	goodies	you	want	while	leaving	the	rest	behind.	The	secret	lies	in	the	minerals’	different	electrical	properties.	Some	minerals	carry	positive	charges,	while	others	are	negatively	charged.	The	electrostatic	wand	creates	an
electric	field	that	attracts	particles	with	opposite	charges,	separating	them	from	the	neutral	and	similarly	charged	particles.	This	separation	magic	has	a	wide	range	of	applications	in	the	mineral	industry:	Mining	Enhancements:	Electrostatic	separation	helps	miners	recover	valuable	minerals	that	would	otherwise	be	lost	in	regular	processing.	It’s	like
giving	your	mineral	extraction	a	superhero	upgrade.	Recycling	Revolution:	Electrostatic	separation	is	a	game-changer	in	the	recycling	industry.	It	allows	us	to	recover	metals	from	electronic	waste	and	other	materials,	saving	us	from	a	pile	of	e-trash.	Food	and	Drug	Purity:	Yes,	electrostatic	separation	has	even	made	its	way	into	the	food	and	drug
industries.	It’s	used	to	remove	impurities	and	contaminants,	ensuring	the	purity	of	your	meals	and	medications.	So,	next	time	you’re	thinking	about	mineral	processing,	don’t	forget	the	electrostatic	wand.	It’s	the	ultimate	tool	for	unlocking	the	hidden	treasures	in	our	ores	and	making	the	world	a	greener,	cleaner,	and	more	technologically	advanced
place.	Magnetic	Separation:	Magnets	to	the	Rescue	in	Mineral	Processing	When	it	comes	to	separating	pesky	minerals	that	just	won’t	budge,	it’s	time	to	call	in	the	superheroes	of	the	mineral	processing	world:	magnetic	separators!	These	magical	machines	use	the	power	of	magnetism	to	pluck	out	those	tricky	minerals	that	have	a	natural	affinity	for
the	magnetic	force.	So,	how	do	these	magnetic	marvels	work?	Well,	they’re	like	super-powered	magnets	that	are	strategically	placed	to	catch	the	minerals	that	have	a	magnetic	personality.	As	the	mineral-filled	gunk	flows	through	the	magnetic	separator,	these	magnets	create	a	magnetic	field	that	attracts	these	magnetic	minerals	like	moths	to	a
flame.	The	non-magnetic	minerals,	on	the	other	hand,	just	shrug	their	shoulders	and	continue	on	their	merry	way.	This	magnetic	separation	trick	is	a	lifesaver	in	the	mineral	processing	industry.	It	helps	us	extract	valuable	minerals	like	iron,	nickel,	and	even	some	precious	metals	from	their	less	magnetic	counterparts.	So,	next	time	you’re	wondering
how	we	get	those	shiny	new	gadgets	and	gizmos,	just	remember	that	magnetic	separators	are	the	unsung	heroes	quietly	working	behind	the	scenes.	Dive	into	the	Wonders	of	Mineral	Processing:	Unraveling	the	Secrets	of	Extracting	Earth’s	Treasures	Imagine	a	world	without	minerals—no	sparkly	diamonds,	shiny	jewelry,	or	even	the	everyday	tools
that	make	our	lives	easier.	That’s	why	mineral	processing	and	extraction	are	essential	to	our	modern	civilization.	They’re	like	the	magical	gateway	that	transforms	dull	rocks	into	the	valuable	treasures	we	use	every	day.	Raw	Materials	Ore-some	Ores:	Minerals	don’t	come	in	neat,	clean	packages.	They	hide	within	ores,	which	are	rocks	that	contain
them.	Different	ores	have	different	mineral	contents,	like	a	delicious	treasure	hunt	where	you	never	know	what	you’ll	find.	Ganging	Up:	Sometimes,	minerals	hang	out	with	other	minerals	they	don’t	want	to	play	with,	known	as	gangue.	It’s	like	a	stubborn	roommate	that	you	have	to	separate	before	you	can	get	to	the	good	stuff.	Water,	Chemicals,	and
Reagents:	Picture	a	kitchen	where	the	ingredients	are	not	just	flour	and	sugar,	but	also	unique	chemicals	that	help	the	magic	happen.	In	mineral	processing,	water,	chemicals,	and	reagents	play	that	role,	helping	us	unlock	the	hidden	treasures.	Equipment	Crushing	and	Grinding:	Imagine	an	epic	battle	where	we	smash	ores	into	tiny	pieces.	That’s
what	crushing	and	grinding	do—breaking	them	down	to	release	the	minerals	within.	Screening	and	Classification:	After	the	smashing,	we	need	to	sort	the	pieces	by	size	and	shape,	like	sifting	flour	to	get	the	perfect	texture	for	that	yummy	cake.	Flotation	Cells:	These	are	the	bubble	baths	of	the	mineral	world!	Minerals	love	to	float	on	the	bubbles
based	on	their	properties.	It’s	like	a	mineral	dance	party,	where	each	mineral	gets	its	own	bubble	to	show	off.	Processes	Comminution:	Remember	how	we	smashed	the	ores?	Comminution	is	the	fancy	word	for	that,	a	process	that	breaks	them	into	even	smaller	bits,	making	it	easier	to	extract	the	minerals.	Classification:	Time	to	sort	the	pieces	again,
but	this	time,	we’re	looking	at	size	and	density.	It’s	like	organizing	your	socks—matching	pairs	of	particles	go	together.	Gravity	Separation:	Gravity,	our	faithful	friend,	helps	us	separate	minerals	based	on	their	weight.	The	heavier	ones	sink	while	the	lighter	ones	float—it’s	like	a	mineral	race	where	the	heaviest	wins.	Flotation:	Picture	the	bubble	bath
again,	but	this	time	with	the	minerals	having	a	chemical	dance	party.	Different	chemicals	attach	to	different	minerals,	creating	bubbles	that	lift	them	to	the	surface.	Auxiliary	Processes	Leaching:	Sometimes,	minerals	need	a	little	soaking	in	a	chemical	bath.	This	process,	called	leaching,	dissolves	the	minerals,	making	them	easier	to	extract.
Electrostatic	Separation:	Minerals	can	get	charged	up,	just	like	rubbing	a	balloon	on	your	hair.	Electrostatic	separation	uses	this	charge	to	separate	them—it’s	like	a	mineral	magnet.	Magnetic	Separation:	And	if	minerals	have	magnetic	powers,	magnetic	separation	is	the	way	to	go.	It’s	like	a	superhero	magnet,	pulling	out	the	magnetic	minerals	from
the	crowd.	Monitoring	and	Control	Particle	Size	Analysis:	Just	like	Goldilocks	testing	the	porridge,	we	need	to	check	if	our	particles	are	the	right	size.	Particle	size	analysis	helps	us	ensure	the	perfect	texture	for	optimal	mineral	recovery.	Slurry	Density:	Picture	a	yummy	milkshake.	Slurry	density	is	like	the	thickness	of	that	milkshake—too	thick	or	too
thin	can	mess	up	the	process.	We	monitor	it	carefully	to	keep	it	just	right.	pH	Control:	The	pH	level	is	like	the	acidity	or	alkalinity	of	the	mineral	bath.	Getting	it	wrong	can	make	the	minerals	grumpy	and	refuse	to	separate.	That’s	why	we	adjust	it	to	make	them	happy.	Flow	Rate	Control:	Imagine	a	river	flowing	too	fast	or	too	slow—it’s	not	good	for
anything.	The	same	goes	for	mineral	processing.	We	control	the	flow	rate	to	keep	the	process	running	smoothly.	**Slurry	Density:	The	Secret	Sauce	of	Mineral	Processing**	If	you’ve	ever	wondered	how	we	get	those	shiny	metals	and	sparkly	gems	out	of	the	ground,	you’ve	stumbled	upon	the	fascinating	world	of	mineral	processing!	And	one	of	the	key
ingredients	in	this	magical	process	is	something	called	slurry	density.	Picture	this:	You	have	a	bunch	of	rocks	that	contain	tiny	bits	of	precious	minerals.	How	do	you	separate	the	valuable	stuff	from	the	rest?	That’s	where	slurry	density	comes	into	play!	Slurry	is	a	magical	mixture	of	crushed	rocks	and	water	that’s	the	lifeblood	of	mineral	processing.
By	carefully	controlling	the	amount	of	water	in	the	slurry,	we	can	create	the	perfect	conditions	for	separating	the	minerals	based	on	their	density.	It’s	like	a	gravity	playground	for	minerals!	Heavy	ones	sink	to	the	bottom,	while	lighter	ones	float	on	top.	So,	by	adjusting	the	slurry	density,	we	can	selectively	capture	the	minerals	we	want	and	leave	the
rest	behind.	Monitoring	slurry	density	is	crucial	for	several	reasons.	A	properly	adjusted	slurry	density:	Increases	mineral	recovery:	The	right	slurry	density	ensures	that	all	the	valuable	minerals	are	separated	efficiently.	Improves	process	efficiency:	A	balanced	slurry	density	prevents	blockages	and	equipment	damage,	keeping	everything	running
smoothly.	Maximizes	flotation	performance:	In	flotation	cells,	a	stable	slurry	density	allows	for	optimal	bubble-mineral	attachment,	leading	to	better	mineral	recovery.	Slurry	density	may	sound	like	a	small	detail,	but	it’s	a	hidden	gem	that	plays	a	pivotal	role	in	the	mineral	processing	industry.	So,	the	next	time	you	see	a	sparkling	diamond	or	a
gleaming	metal,	remember	the	magic	of	slurry	density	that	brought	it	to	you!	pH	Control:	Emphasize	the	significance	of	maintaining	proper	pH	levels	for	optimal	mineral	recovery.	pH	Control:	The	Secret	Ingredient	for	Mineral	Extraction	In	the	world	of	mineral	processing,	pH	control	is	like	a	secret	ingredient,	a	magic	potion	that	can	unlock	the
hidden	treasures	within	ores.	Just	as	chefs	carefully	balance	flavors	in	the	kitchen,	mineral	engineers	play	with	pH	levels	to	create	the	perfect	conditions	for	extracting	pristine	minerals.	Imagine	a	slice	of	lemon	in	your	tea.	The	acidity	of	the	lemon,	measured	by	its	pH,	can	make	your	tea	taste	sour	or	bitter.	Similarly,	the	pH	of	a	solution	in	mineral
processing	can	have	a	big	impact	on	the	behavior	of	minerals.	For	example,	certain	minerals	prefer	an	acidic	environment,	while	others	thrive	in	basic	conditions.	By	carefully	adjusting	the	pH,	mineral	engineers	can	create	a	tailored	environment	that	selectively	separates	different	minerals.	It’s	like	using	a	magnet	to	pick	up	iron	shavings	from	a	pile
of	sand.	The	magnet’s	attraction	to	iron	is	governed	by	the	specific	properties	of	iron,	just	as	the	pH-dependent	behavior	of	minerals	allows	us	to	target	and	extract	them.	Maintaining	proper	pH	levels	is	not	just	a	science	but	also	an	art.	Too	much	acidity	can	dissolve	minerals,	while	too	little	can	hinder	their	separation.	It’s	a	delicate	balancing	act
that	requires	a	deep	understanding	of	mineral	chemistry	and	the	intricacies	of	processing	techniques.	So,	next	time	you	sip	on	a	refreshing	drink,	remember	that	pH	control	is	not	just	about	taste	but	also	about	the	hidden	wonders	found	in	the	earth’s	depths.	Mineral	processing	engineers	are	the	culinary	wizards	of	the	mining	world,	using	pH	as	their
secret	ingredient	to	unveil	these	precious	treasures.	Mineral	Processing:	The	Art	of	Extracting	Earth’s	Treasures	In	the	realm	of	mining,	mineral	processing	is	like	a	skilled	chef	transforming	raw	ingredients	into	delectable	dishes.	It’s	the	magic	that	turns	dull	rocks	into	gleaming	minerals,	paving	the	way	for	all	kinds	of	technological	wonders	in	our
modern	world.	From	your	smartphone’s	screen	to	the	engines	that	power	our	cars,	minerals	are	the	building	blocks	of	our	society.	And	mineral	processing	is	the	indispensable	process	that	extracts	these	precious	treasures	from	the	depths	of	our	planet.	The	Raw	Materials:	From	Ore	to	Gold	Mineral	deposits,	known	as	ores,	are	the	starting	point	of
this	captivating	journey.	They’re	like	treasure	chests	hidden	deep	within	the	earth,	each	containing	a	unique	blend	of	valuable	minerals.	To	uncover	these	gems,	we	need	to	separate	them	from	the	gangue	minerals,	the	less	valuable	rock	that	surrounds	them.	The	Equipment:	Tools	for	Mineral	Transformation	The	mineral	processing	arsenal	boasts	an
array	of	specialized	equipment,	each	designed	to	break	down	ores	and	extract	their	hidden	riches.	Crushing	and	grinding	machines	work	like	giant	teeth,	reducing	rocks	to	sand-like	particles.	Screening	and	classification	systems	then	sort	these	particles	by	size	and	shape,	separating	the	minerals	from	the	gangue.	Flotation	cells	play	a	crucial	role	in
mineral	separation,	using	air	bubbles	to	selectively	attach	to	and	lift	specific	minerals	to	the	surface.	The	Processes:	Separating	the	Good	from	the	Bad	Mineral	processing	is	a	symphony	of	interconnected	processes,	each	orchestrated	to	isolate	the	desired	minerals	with	precision.	Comminution,	the	art	of	breaking	down	ores,	is	like	a	chef	mincing
ingredients	to	enhance	their	flavors.	Classification,	a	more	refined	process,	separates	particles	based	on	their	size	or	density.	Gravity	separation	takes	advantage	of	the	different	weights	of	minerals	to	sort	them	like	a	skilled	bartender	pouring	layers	of	cocktails.	And	flotation,	the	star	of	the	show,	uses	chemistry	and	physics	to	create	a	frothy
concoction	that	separates	minerals	like	a	magician	pulling	rabbits	out	of	a	hat.	Flow	Rate	Control:	The	Steady	Hand	of	Mineral	Processing	In	the	intricate	dance	of	mineral	processing,	flow	rate	control	is	the	conductor,	ensuring	that	materials	move	through	the	system	smoothly	and	efficiently.	It’s	like	a	maestro	directing	an	orchestra,	keeping
everything	in	rhythm	and	preventing	equipment	from	malfunctioning.	By	carefully	managing	flow	rates,	we	not	only	optimize	mineral	recovery	but	also	extend	the	lifespan	of	our	machinery.	Personnel	and	Industry:	The	Masterminds	Behind	the	Magic	Mineral	processing	is	a	science,	an	art,	and	a	collaborative	effort.	Metallurgical	engineers,	process
engineers,	and	operators	work	together	like	a	well-oiled	machine,	bringing	their	expertise	to	the	table.	The	industry	itself	is	a	thriving	ecosystem,	involving	equipment	manufacturers,	chemical	suppliers,	and	metallurgical	service	providers,	all	working	towards	the	common	goal	of	unlocking	Earth’s	mineral	wealth.	Fields	of	Study	and	Applications:	A
World	of	Mineral	Magic	Mineral	processing	touches	multiple	disciplines,	from	the	fundamentals	of	mineral	processing	to	the	advanced	science	of	extractive	metallurgy	and	beneficiation.	It’s	a	field	ripe	with	innovation	and	discovery,	constantly	evolving	to	meet	the	growing	demand	for	minerals.	So	there	you	have	it,	the	fascinating	world	of	mineral
processing.	It’s	a	journey	filled	with	challenges,	ingenuity,	and	the	pursuit	of	Earth’s	hidden	treasures.	Whether	you’re	a	seasoned	geologist	or	simply	curious	about	the	origins	of	the	materials	that	shape	our	lives,	I	hope	this	peek	behind	the	curtain	has	sparked	your	interest	in	this	extraordinary	field.	The	Wizardry	of	Mineral	Processing:	Breaking
Down	Nature’s	Secrets	Minerals,	the	foundation	of	our	modern	marvels,	aren’t	just	handed	to	us	on	a	silver	platter.	They	need	a	little	bit	of	wizardry	to	transform	them	from	raw	materials	into	valuable	treasures.	And	that’s	where	mineral	processing	steps	in	like	a	magical	potion,	extracting	the	essence	of	these	precious	elements	from	their	natural
surroundings.	The	Unsung	Heroes	of	Mineral	Processing	Behind	every	sparkling	gemstone	and	shimmering	metal,	there’s	a	team	of	dedicated	alchemists	known	as	metallurgical	engineers,	process	engineers,	and	skilled	operators.	These	wizards	of	the	mineral	world	wield	a	wand	of	knowledge	and	experience,	guiding	the	transformation	process	with
precision.	Metallurgical	Engineers:	The	Masterminds	of	Extraction	Metallurgical	engineers	are	the	masterminds	behind	the	extraction	process.	They	study	the	intricacies	of	minerals,	their	properties,	and	how	to	coax	them	out	of	their	hiding	places.	They	design	the	perfect	spellbook	of	techniques	to	unlock	the	treasures	within.	Process	Engineers:	The
Orchestrators	of	Efficiency	Process	engineers	are	the	maestros	of	efficiency.	They	orchestrate	the	symphony	of	machinery	and	chemicals,	ensuring	that	every	step	of	the	process	flows	seamlessly.	They	tweak	the	dials	and	turn	the	knobs,	fine-tuning	the	extraction	process	to	maximize	yield	and	minimize	waste.	Operators:	The	Guardians	of	the
Machinery	Operators	are	the	guardians	of	the	machinery,	the	skilled	hands	that	keep	the	wheels	of	mineral	processing	turning.	They	monitor	the	equipment,	adjusting	parameters	with	finesse	to	ensure	that	the	extraction	magic	happens	as	planned.	A	Collaborative	Symphony	Together,	these	mineral	processing	wizards	form	a	cohesive	team,	working
in	harmony	to	extract	the	maximum	value	from	nature’s	gifts.	Their	combined	knowledge,	experience,	and	dedication	ensure	that	the	minerals	we	rely	on	make	their	way	to	our	industries	and	homes.	Industry:	Discuss	the	key	players	involved	in	mining	equipment	manufacturing,	chemical	supply,	and	metallurgical	services.	The	A-Team	of	Mineral
Processing:	Meet	the	Industry’s	Unsung	Heroes	In	the	world	of	mining,	there’s	no	glory	without	**	mineral	processing	and	extraction**.	It’s	like	the	unsung	hero	that	turns	raw	rocks	into	the	valuable	minerals	we	use	every	day.	And	behind	the	scenes,	there’s	a	whole	industry	of	amazing	companies	working	tirelessly	to	make	it	happen.	Let’s	meet	the
A-team:	Mining	Equipment	Manufacturers:	These	guys	are	the	rock	stars	of	the	show,	creating	the	mighty	machines	that	crush,	grind,	and	separate	minerals.	Think	of	them	as	the	muscle	of	the	operation!	Chemical	Suppliers:	They’re	the	magicians	who	provide	the	potions	and	elixirs	that	make	mineral	separation	possible.	Without	them,	the	process
would	be	a	lot	less	frothy	and	a	whole	lot	more	messy!	Metallurgical	Services:	These	are	the	brains	behind	the	operation,	providing	expert	advice	and	personalized	solutions	to	make	sure	every	mineral	gets	the	best	possible	treatment.	They’re	like	the	Avengers	of	the	mineral	processing	world,	each	with	their	unique	superpowers.	Together,	they	work
in	harmony	to	extract	the	valuable	treasures	from	the	earth	and	make	our	lives	a	little	bit	easier.	So	next	time	you	use	your	phone,	drive	your	car,	or	turn	on	the	lights,	take	a	moment	to	appreciate	the	unsung	heroes	of	mineral	processing.	They’re	the	ones	who	make	it	all	possible,	even	if	they’re	not	always	in	the	spotlight.	Mineral	Processing:	The	Art
of	Extracting	Earth’s	Treasures	Picture	this:	You’ve	stumbled	upon	a	glistening	rock	that	looks	like	it	could	hold	some	seriously	cool	stuff.	But	how	do	you	get	to	the	good	stuff	hidden	inside?	That’s	where	mineral	processing	comes	in,	folks!	Mineral	processing	is	like	the	secret	handshake	between	mining	and	metallurgy.	It’s	the	magical	process	that
turns	ordinary	rocks	into	the	precious	metals	and	minerals	we	use	in	everything	from	cell	phones	to	cars	and	even	jewelry.	The	Tools	of	the	Trade	Imagine	a	regular	kitchen.	Now,	add	some	giant	crushers,	grinders,	and	shakers.	That’s	the	mineral	processing	world!	These	machines	work	together	to	break	down	ores	into	tiny	pieces,	making	it	easier	to
separate	the	valuable	minerals	from	the	rest	of	the	rock.	The	Separation	Game	Here’s	where	the	fun	begins!	Mineral	separation	is	like	a	high-stakes	game	of	“pick-the-right-material.”	We	use	clever	tricks	like	flotation,	gravity,	and	magnetic	separation	to	separate	the	minerals	based	on	their	different	properties.	It’s	like	a	science	experiment,	but	on	a
much	larger	scale!	The	Hidden	Gems	Not	all	minerals	are	created	equal.	Some,	like	gold	and	silver,	are	rare	and	highly	sought	after.	Other	minerals,	known	as	gangue	minerals,	are	the	less	glamorous	sidekicks	that	make	up	most	of	the	rock.	The	key	is	to	separate	the	good	guys	from	the	gangue,	which	is	what	mineral	processing	is	all	about.	The
Importance	of	Mineral	Processing	Without	mineral	processing,	we	couldn’t	get	our	hands	on	the	minerals	that	power	our	modern	world.	They’re	used	in	everything	from	electronics	to	construction	to	healthcare.	So,	next	time	you	use	your	phone	or	admire	a	piece	of	jewelry,	remember	the	unsung	heroes	of	mineral	processing!	The	People	Behind	the
Magic	Behind	every	successful	mineral	processing	operation	is	a	team	of	skilled	professionals.	Metallurgical	engineers	design	the	processes,	process	engineers	fine-tune	them,	and	operators	keep	the	machinery	running	smoothly.	It’s	a	collaborative	effort	that	ensures	we	have	the	minerals	we	need	to	build	a	brighter	future.	So,	there	you	have	it,	the
amazing	world	of	mineral	processing!	It’s	a	fascinating	field	that	plays	a	vital	role	in	our	daily	lives.	Next	time	you	hold	a	gleaming	piece	of	metal	or	admire	a	stunning	gemstone,	take	a	moment	to	appreciate	the	incredible	journey	it	took	to	get	there.	Cheers	to	the	mineral	processors	who	make	it	possible!	The	Fascinating	World	of	Mineral	Processing:
Unlocking	Nature’s	Treasures	Mineral	processing	is	like	a	thrilling	treasure	hunt	where	we	dig	deep	into	the	earth’s	secrets	to	unearth	precious	gems	and	valuable	metals.	It’s	a	process	that	transforms	dull-looking	rocks	into	gleaming	riches,	making	our	modern	world	possible.	But	wait,	there’s	more	to	it	than	just	digging!	Mineral	processing	involves
a	symphony	of	techniques	and	equipment,	each	playing	a	crucial	role	in	separating	the	valuable	minerals	from	the	not-so-valuable	gangue.	It’s	like	having	a	magical	toolbox	to	sort	out	the	good	stuff	from	the	rest.	One	of	the	stars	of	this	show	is	comminution,	a	fancy	way	of	saying	“breaking	rocks	into	tiny	pieces.”	Crushers	and	grinders	go	to	work,
pulverizing	the	ore	into	a	fine	powder.	This	makes	it	easier	to	separate	the	minerals,	like	sorting	out	a	bag	of	mixed	candies.	Then,	we	have	classification,	where	we	use	sieves	and	other	gadgets	to	separate	the	particles	based	on	size	and	shape.	It’s	like	a	cosmic	sorting	machine,	allowing	us	to	extract	the	“gold	nuggets”	from	the	“sand.”	And	let’s	not
forget	flotation,	the	queen	of	mineral	separation.	Minerals	like	water,	but	some	really	like	hanging	out	with	air	bubbles.	This	is	what	flotation	takes	advantage	of.	By	adding	special	chemicals,	we	can	make	certain	minerals	attach	to	air	bubbles,	which	float	to	the	surface	while	the	rest	sink.	It’s	like	having	a	magical	bubble	bath	that	separates	the	good
from	the	bad.	Extractive	Metallurgy:	The	Final	Frontier	The	journey	doesn’t	end	with	mineral	processing.	Extractive	metallurgy	takes	these	raw	materials	and	transforms	them	into	the	metals	we	need	for	everything	from	our	smartphones	to	our	cars.	It’s	like	alchemy,	but	for	real!	Metallurgists	use	a	variety	of	techniques	to	extract	metals,	such	as
pyrometallurgy,	which	involves	heating	ores	in	furnaces,	or	hydrometallurgy,	which	uses	chemical	solvents	to	dissolve	the	metals.	It’s	like	cooking	with	rocks,	where	the	end	result	is	the	pure	metal	we	rely	on	for	countless	technologies.	So,	the	next	time	you	hold	a	piece	of	metal,	remember	the	amazing	journey	it	took	to	get	there.	From	the	depths	of
the	earth	to	the	pinnacle	of	modern	society,	mineral	processing	and	extractive	metallurgy	are	the	unsung	heroes	that	make	our	world	possible.	Beneficiation:	Describe	the	processes	used	to	enhance	the	value	of	mineral	ores.	Mineral	Processing:	Unveiling	the	Secrets	of	Earth’s	Treasures	Hey	there,	fellow	earth	explorers!	Today,	let’s	dive	into	the
fascinating	world	of	mineral	processing	and	extraction,	the	magical	process	that	transforms	raw	rocks	into	the	precious	minerals	we	rely	on.	The	Birth	of	a	Mineral	Imagine	you’re	on	a	treasure	hunt,	but	instead	of	gold	coins,	you’re	searching	for	hidden	minerals.	These	minerals	are	trapped	inside	rocks,	like	tiny	specks	of	treasure	waiting	to	be
unearthed.	But	these	rocks	aren’t	just	any	old	stones;	they’re	special	ores	that	contain	the	minerals	we	crave.	The	Art	of	Purification	Now	comes	the	tricky	part:	separating	the	minerals	from	the	rocky	gangue.	It’s	like	trying	to	find	a	diamond	in	a	haystack.	Luckily,	mineral	processing	has	an	arsenal	of	tools	to	do	just	that.	Crushers	and	grinders	break
down	the	ores	into	smaller	pieces,	making	it	easier	to	separate	the	minerals.	The	Dance	of	Froth	Flotation	cells	are	the	stars	of	the	show.	They	create	a	bubbly	froth	that	selectively	grabs	onto	specific	minerals,	sending	them	floating	to	the	surface.	It’s	like	a	magical	potion	that	knows	exactly	which	minerals	to	pick	out.	Beneficiation:	The	Ultimate
Makeover	Beneficiation	is	the	grand	finale,	the	finishing	touch	that	polishes	the	minerals	and	enhances	their	value.	It’s	like	giving	a	diamond	a	sparkly	new	setting.	Different	techniques,	like	leaching,	electrostatic	separation,	and	magnetic	separation,	remove	impurities	and	concentrate	the	minerals,	making	them	even	more	precious.	Science	and	Skill
Mineral	processing	isn’t	just	about	machines;	it’s	also	about	the	people	behind	them.	Metallurgical	engineers,	process	engineers,	and	operators	work	together	like	a	symphony,	ensuring	that	every	step	is	perfectly	executed.	Shaping	the	Future	Advancements	in	mineral	processing	are	constantly	pushing	the	boundaries,	unveiling	new	ways	to	extract
and	refine	minerals.	These	innovations	not	only	make	our	technologies	more	efficient	but	also	help	us	reduce	our	environmental	impact.	So,	there	you	have	it,	a	glimpse	into	the	fascinating	world	of	mineral	processing.	It’s	a	realm	where	science	meets	magic,	where	nature’s	treasures	are	transformed	into	the	building	blocks	of	our	modern	society.
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an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	1.	Reselection	The	re-election	method	separates	minerals	based	on	their	relative	density	(usually
called	specific	gravity).	Mineral	particles	of	different	densities	are	subjected	to	hydrodynamic	forces	and	various	mechanical	forces	in	the	moving	medium	(water,	air	and	heavy	liquids),	resulting	in	suitable	loose	stratification	and	separation	conditions,	so	that	different	density	of	ore	particles	are	separated.	2.	Flotation	The	flotation	method	is	based	on
the	difference	in	the	physical	and	chemical	properties	of	the	mineral	surface,	and	is	treated	with	a	flotation	agent	so	that	useful	minerals	are	selectively	attached	to	the	air	bubbles	to	achieve	separation.	Non-ferrous	metal	ore	beneficiation,	such	as	copper,	lead,	zinc,	sulfur,	molybdenum,	etc.,	is	mainly	treated	by	flotation;	some	ferrous	metals,	rare
metals,	and	some	non-metallic	ores,	such	as	graphite	ore,	apatite,	etc.	are	also	used	for	flotation.	Method	selection.	3.	Magnetic	separation	The	magnetic	separation	method	is	based	on	the	difference	in	mineral	magnetic	properties.	Different	minerals	receive	different	forces	in	the	magnetic	field	of	the	magnetic	separator	and	are	thus	classified.	It	is
mainly	used	for	the	selection	of	ferrous	metal	ores	(iron,	manganese,	chromium);	it	is	also	used	for	the	selection	of	self-lubricating	bearings	for	colored	and	rare	metal	ores.	4.	Electric	method	The	electoral	method	is	based	on	the	difference	in	the	conductivity	of	the	minerals.	When	the	minerals	pass	through	the	high-voltage	electric	field	of	the	electric
separator,	due	to	the	different	conductivity	of	the	minerals,	the	electrostatic	force	acting	on	the	minerals	is	also	different,	so	that	the	minerals	can	be	separated.	Electric	selection	method	is	used	for	the	selection	of	rare	metals,	non-ferrous	metals	and	non-metallic	ores.	At	present,	it	is	mainly	used	for	the	separation	and	selection	of	mixed	coarse	ore
concentrates,	such	as	the	separation	of	scheelite	and	cassiterite,	the	selection	of	zircon	and	the	selection	of	niobium	ore.	450W	LED	Grow	Light	Ultra	Plantâ„¢	Grow	Light	offers	One	Chip	Technology	aimed	to	meet	your	indoor	growing	expectation	such	as	improve	plants'	quality,	increase	yield,	or	better	the	margin,	etc.,	all	for	helping	you	realize	a
higher	return	on	your	crops.	Ultra	Plantâ„¢	Grow	Light	is	combined	our	advanced	All-In-One	technology	with	patented	optical	design	and	customized	light	full	spectrum	supported	from	our	experienced	LED	engineers,	plant	specialists	and	other	partners	working	on	horticulture.	From	Ultra	Plantâ„¢	APP,	you	are	able	to	schedule	the	growing	process
including	photoperiod,	brightness	and	spectral	in	advance.	The	lighting	system	will	help	you	grow	smarter,	easier	and	better.	Ultra	Plantâ„¢	is	the	most	versatile	horticultural	grow	lighting	fixture	for	indoor	plants	with	flexible	full	spectrum,	brightness	control	and	uniform,	wider	light	distribution,	suitable	for	top	lighting	of	all	types	of	crops.	No
matter	it	applies	to	anywhere	for	any	crop,	Ultra	Plantâ„¢	can	do	perfect	work	for	you.	450W	Led	Grow	Light,Best	Grow	Light,Indoor	Grow	Lights,Indoor	Grow	LightFeton	Corporation	,	Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for
any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.
ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for
elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	In	this	bulletin	the
subject	of	ore	dressing	is	approached	from	the	economic	rather	than	from	the	technological	standpoint,	and	the	supporting	data	have	been	compiled	with	a	view	to	their	bearing	upon	the	economic	exploitation	of	ore	deposits.	Results	obtained	are	stressed	rather	than	the	details	of	processes	and	the	physics	and	chemistry	involved.	For	discussions	of
the	latter,	the	reader	is	referred	to	numerous	publications	prepared	by	the	Metallurgical	Division	of	the	Bureau	of	Mines,	textbooks	on	ore	dressing,	the	technical	journals,	and	publications	of	the	technical	societies.	The	object	of	ore	dressing	is,	broadly,	to	prepare	the	crude	ore	for	more	economical	transportation	and	for	further	processing	to	recover
the	metallic	contents.	Although	perhaps	not	ore	dressing	in	the	strict	sense	of	the	term,	the	direct	extraction	of	the	metals	(especially	the	precious	metals)	from	the	ores	also	is	considered	here	as	an	ore-dressing	or	a	“milling”	process.	Preparation	by	ore	dressing	includes	the	concentration	of	the	valuable	minerals	within	a	smaller	bulk	than	that	of	the
original	ore	by	removal	of	worthless	constituents,	the	separation	from	each	other	of	the	different	valuable	minerals	to	give	separate	products	in	each	of	which	the	minerals	of	one	metal	predominate,	or	the	removal	of	constituents	that	have	a	deleterious	effect	in	further	processing	and	thus	result	in	a	penalty	charge	by	the	smelter.	By	concentrating
the	metal	contained	in	the	crude	ore	through	removal	of	valueless	constituents,	the	gross	weight	is	reduced	to	a	fraction	of	that	of	the	original	ore,	thus	lowering	the	transportation	cost	per	unit	of	contained	metal.	Many	ores	that	could	not	possibly	be	worked	if	shipped	in	the	crude	state	can	be	worked	profitably	if	concentrated	before	shipment.	In
commercial	concentration	processes	some	ore	mineral	is	necessarily	lost	in	the	tailing	or	reject,	the	percentage	so	lost	ranging	between	wide	limits,	depending	on	the	character	of	the	ore	and	the	refinements	of	the	ore-dressing	methods	employed.	The	question	of	how	far	to	go	with	ore-dressing	refinements	to	effect	a	high	percentage	of	recovery	of
the	valuable	constituents	of	the	ore	is	an	economic	one.	Each	step	in	the	concentration	of	an	ore	adds	to	the	cost	of	the	operation,	and	unless	the	value	of	the	additional	mineral	recovered	exceeds	the	extra	cost	of	recovering	it,	the	refinement	is	obviously	uneconomical.	Complex	ores	containing	minerals	of	two	or	more	metals	frequently	can	be
exploited	economically	only	if	the	different	metals	are	separated	before	smelting.	For	example,	lead	ores	or	concentrates	are	charged	a	penalty	by	the	smelter	if	they	contain	more	than	a	certain	percentage	of	zinc;	and	if	the	zinc	content	cannot	be	reduced	below	a	certain	limit,	the	penalty,	which	increases	with	increase	in	zinc	content,	may	be	so
great	that	it	would	be	unprofitable	to	operate.	In	this	connection	it	is	noted	that	many	complex	western	ores	could	not	be	worked	profitably	and	were	left	unmined	for	years	even	though	high	in	lead,	zinc,	and	silver,	before	concentration	by	differential	flotation	was	developed.	By	means	of	differential	flotation	it	became	possible	to	make	a	high-grade
lead	concentrate	containing	very	little	zinc	and	a	high-grade	zinc	concentrate	containing	little	lead,	both	of	which	could	be	shipped	profitably.	Table	56	is	reproduced	from	Information	Circular	6926	to	illustrate	the	charges	made	by	smelters	for	excess	deleterious	elements.	Gold	and	silver	associated	with	base-metal	ores	usually	are	recovered	in	the
smelter,	where	the	base	metal	acts	as	a	collector;	later	they	are	separated	from	the	base	metals	in	the	refining	process.	Straight	gold	and	silver	ores	or	those	containing	only	very	small	percentages	of	base	metals	(commonly	known	as	dry	siliceous	ores)	usually	can	be	treated	most	economically	at	the	mine	by	processes	that	result	in	the	direct
production	of	bullion.	This	avoids	the	cost	of	shipping	ore	and	concentrates	and	payment	of	smelter	charges	and	deductions,	so	that	the	net	return	to	the	miner	on	the	gold	and	silver	may	range	from	a	few	to	15	or	more	percent	higher	than	the	amount	that	would	be	received	were	these	metals	recovered	at	the	smelter.	Sometimes	it	is	profitable	to
recover	part	of	the	gold	and	silver	by	amalgamation	or	cyanidation	and	also	produce	a	high-grade	concentrate	containing	most	of	the	associated	sulfide	minerals	and	the	balance	of	the	economically	recoverable	precious	metal.	The	most	profitable	procedure	will	be	determined	in	a	given	instance	by	local	conditions,	among	the	determining	factors
being	the	concentration	ratio,	the	cost	of	milling	and	the	percentage	of	recovery	that	can	be	made	at	the	mine,	the	freighting	cost,	and	the	smelting	charges,	including	deductions	on	ores	and	concentrates.	These	and	other	factors	will	be	discussed	briefly	but	in	greater	detail	under	Gold	Ores.	The	minimum	grade	of	ore	that	can	be	smelted	directly
without	previous	ore-dressing	treatment	varies,	depending	largely	on	the	natural	fluxing	characteristics	of	the	ore,	total	tonnage	of	ore,	distance	to	the	smelter,	haulage	and	freighting	costs,	and	variations	in	treatment	charges	as	between	different	ores	and	concentrates.	An	ore	that	is	self-fluxing	may	be	of	lower	grade	for	direct	smelting	than	one
that	requires	the	addition	of	a	large	amount	of	barren	flux.	On	the	other	hand,	a	low-grade	ore	sometimes	may	be	profitably	mined	and	shipped	direct	because	it	is	high	in	silica,	iron,	or	lime,	or	some	other	fluxing	material	required	by	the	smelter.	The	total	tonnage	of	ore	available	may	be	a	governing	factor,	since	if	it	is	large	enough	and	fuel	and	flux
likewise	are	available	within	a	reasonable	distance,	it	may	pay	to	erect	a	smelter	near	the	mines,	whereas	if	the	tonnage	is	small	the	returns	would	not	be	large	enough	to	amortize	the	capital	outlay	for	a	smelter	and	pay	a	profit	on	the	venture.	Isolation	of	the	property	and	consequent	high	costs	for	freight	obviously	raise	the	cut-off	grade	between
direct	smelting	and	milling	ores.	Another	factor	is	the	concentration-ratio	(tons	of	crude	ore	per	ton	of	concentrate	produced	therefrom)	and	the	percentage	of	recovery	by	concentration.	The	higher	the	concentration	ratio	without	appreciably	reducing	the	recovery,	the	greater	is	the	advantage	in	concentration	before	shipment.	Selection	of	the	best
method	to	employ	in	a	given	instance	requires	not	only	highly	specialized	technical	knowledge	but	also	a	knowledge	of	relative	costs	and	ability	to	appraise	correctly	the	various	economic	factors	involved.	The	economic	factors	include	average	price	of	metals	to	be	recovered,	total	tonnage	to	be	treated,	capital	available,	water	supply,	commercial
affiliations	of	the	company,	royalties	on	processes	and	equipment,	situation	with	respect	to	market	and	supply	bases,	transportation	facilities,	availability	of	power	and	fuel,	facilities	for	disposal	of	tailing,	character	of	labor	supply,	construction	costs,	and	government	regulations.	Ore-dressing	methods	fall	naturally	into	two	general	subdivisions—	(1)
concentration	methods	and	(2)	direct-recovery	methods	(amalgamation	and	leaching	or	wet	methods).	Concentration	methods	are	employed	to	remove	worthless	gangue	material	and	concentrate	the	valuable	minerals	of	the	crude	ore	in	a	smaller	bulk.	Thus,	cobbing	and	hand	sorting	are	crude	yet	in	some	instances	very	efficient	concentrating
processes.	Drying	to	remove	excess	moisture	in	the	ore	is	another	simple	form	of	concentration	that	reduces	the	relative	weight	of	a	worthless	constituent	of	the	ore	(water)	to	that	of	the	ore	minerals.	Where	all	or	most	of	the	metal	is	present	in	the	fines	resulting	from	crushing,	concentration	may	be	effected	by	simple	coarse	crushing	and	screening,
in	which	case	the	screen	oversize	is	discarded.	However,	the	principal	concentration	methods	and	those	having	the	widest	application	to	all	kinds	of	ores	are	gravity	and	flotation	methods.	Gravity	concentration	usually	is	effected	in	water	or,	less	often,	in	a	heavy-liquid	medium	and	is	based	on	differences	in	specific	gravity	of	the	ore	and	the	gangue
minerals.	The	formation	of	placer	deposits	is	an	example	of	natural	gravity	concentration,	and	the	recovery	of	placer	gold	by	panning,	rocking,	and	sluicing	exemplifies	simple	forms	of	artificial	gravity	concentration.	Dry	gravity	concentration	is	exemplified	by	the	separation	of	placer	gold	and	associated	heavy	minerals	from	the	lighter	sands	by
agitation	of	the	material	by	means	of	air	pulsations	through	a	riffled,	porous	deck.	Flotation	concentration	is	effected	by	causing	the	selective	attachment	of	a	froth	to	certain	minerals	in	a	finely	ground	ore	and	agitated	with	water	and	frothing	reagents.	The	froth,	by	its	buoyant	effect,	causes	the	attached	mineral	particles	to	float,	whereas	the
associated	gangue	minerals	comprising	the	ore	will	sink.	Another	important	method	is	magnetic	concentration	whereby	particles	of	magnetic	minerals	are	removed	from	a	moving	ore	stream	by	electromagnets.	Electrostatic	separation	also	is	employed	sometimes,	principally	in	dressing	nonmetallic	minerals.	Although	the	best	general	method	of
treatment	for	an	ore	may	be	apparent	at	the	outset,	it	often	is	not	and	must	be	determined	and	details	worked	out	by	preliminary	testing	in	the	laboratory,	in	a	pilot	plant,	or	both,	if	a	high	extraction	and	low	cost	are	to	be	obtained.	One	can	seldom,	if	ever,	visit	a	commercial	ore-dressing	plant,	no	matter	how	long	it	has	been	in	operation,	in	which
some	changes	are	not	being	made	or	contemplated,	unless	the	source	of	ore	supply	is	nearly	exhausted,	which	emphasizes	the	point	that	careful	ore	testing	should	always	precede	the	design	of	a	new	plant.	Seldom	are	there	two	districts	in	which	the	ores	respond	equally	well	to	exactly	the	same	details	of	treatment,	and	often	the	ores	from	mines	in
the	same	district	or	even	those	from	different	sections	of	the	same	mine	require	different	treatment	to	obtain	optimum	results.	Gold	Ore	Processing	The	fact	that	a	product	of	high	value	and	small	bulk	can	be	produced	at	a	gold	mine,	often	by	relatively	simple	milling	processes,	has	made	it	possible	to	operate	gold	mines	successfully	in	remote	and
inhospitable	regions	where	high	costs	of	transportation,	fuel,	and	power	would	make	it	impossible	to	exploit	profitably	base-metal	ores	of	equal	dollar	value.	As	a	result,	in	many	instances	gold-mine	development	has	been	the	advance	guard	of	civilization	in	regions	where	other	mineral	resources	were	developed	later	and	agriculture	and	industry
followed.	Types	of	Gold	Ores	From	the	milling	viewpoint,	gold	ores	may	be	grouped	as	follows:	High-grade	ores	suitable	for	shipment	to	smelters	or	for	treatment	by	direct	refinery	methods	without	intermediate	concentration.	Free-milling	ores	in	which	most	of	the	gold	may	be	amalgamated	with	mercury	after	suitable	grinding,	but	without	roasting,
leaching,	or	other	preliminary	treatment.	Nonamalgamating	ores,	which,	because	of	intimate	association	of	the	gold	with	pyrite,	antimony,	or	arsenic,	combination	with	tellurium,	rusty	oxide	coatings,	or	the	presence	of	graphite	or	greasy	substances,	must	be	subjected	to	treatment	by	other	methods	than	amalgamation.	Ores	that	will	yield	part	of
their	gold	content	by	amalgamation	but	have	to	undergo	additional	treatment	by	other	methods	to	give	a	satisfactory	over-all	recovery.	Most	ores	belong	to	this	class,	although	the	distinction	between	such	ores	and	those	of	the	preceding	and	following	groups	is	based	more	often	on	economic	rather	than	physical	considerations.	Ores	that	contain
small	amounts	of	amalgamable	gold,	with	most	of	the	gold	in	other	forms,	carrying,	in	addition,	secondary	amounts	of	base	metals	that	are	worth	the	expense	of	recovery.	Highly	siliceous	ores,	often	of	low	grade,	which	are	salable	under	certain	conditions	to	lead	or	copper	smelters	for	use	as	flux.	They	may	command	a	premium	for	their	fluxing	value
over	and	above	the	value	of	their	contained	gold.	Base-metal	ores	in	which	the	gold	has	minor	or	secondary	value.	These	contribute	heavily	to	total	production,	but	since	they	are	milled	in	plants	designed	primarily	to	recover	other	metals	they	are	not	considered	further	here.	Placer	gold.	Recovery	of	metal	from	this	type	of	material	has	been	touched
upon	in	an	earlier	section.	A	combination	of	gravity	concentration	and	amalgamation	generally	is	resorted	to	for	treating	placer	material,	the	gold	having	been	partially	concentrated	by	natural	agencies.	Methods	of		Ore	Treatment	In	the	milling	of	gold	ores,	as	with	other	kinds	of	ores,	the	treatment	that	will	give	the	best	metallurgical	and	economic
results	in	any	particular	instance	is	determined	primarily	by	the	character	of	the	ore,	although	other	factors	previously	mentioned	must	be	considered	also.	The	principal	ore	characteristics	that	govern	the	selection	of	the	milling	method	are	grade	of	ore	and	uniformity	of	tenor,	the	size	of	the	gold	particles,	the	nature	of	the	associated	minerals,	and
the	degree	to	which	the	gold	particles	are	locked	within	them.	The	details	of	the	process	also	will	be	determined	by	these	characteristics	and	to	a	considerable	extent	by	the	crushing	and	grinding	qualities	of	the	ore.	Ores	of	very	low	grade	usually	can	be	exploited	successfully	only	when	treated	on	a	large	scale	in	plants	of	high	capacity,	which	involve
heavy	initial	capital	outlay.	Higher-grade	ores	may	be	treated	profitably	in	smaller	plants	with	lower	initial	outlay	per	dollar	of	output,	unless	the	ore	is	refractory	and	a	complex,	expensive	treatment	is	un-avoidable.	Extremely	rich	ore	mined	from	“pockets”	usually	is	hand-sorted	and	treated	in	the	mill	refinery	or	is	shipped	direct	to	a	smelter.	In	mills
treating	rich	gold	ores	it	is	usually	necessary	to	employ	more	than	one	process	to	recover	a	high	percentage	of	the	gold.	The	tailing	from	the	first	or	primary	process	employed	to	treat	such	ores	usually	carries	enough	gold	to	warrant	secondary	treatment	by	another	process	with	or	without	regrinding	or	by	the	same	process	after	re-grinding.	With
low-grade	ores	it	may	be	necessary	to	employ	two	or	more	processes	also,	the	first	to	produce	a	product	from	which	a	large	part	of	the	gangue	has	been	removed	and	the	following	ones	for	extraction	of	the	gold	or	production	of	a	high-grade	concentrate.	Plants	for	treating	ore	of	uniform	grade	are	the	simplest	to	design	and	operate,	other	things	being
equal.	Sudden	additions	of	considerable	high-grade	ore	to	an	average	medium	or	low-grade	mill	feed	tend	to	throw	the	process	out	of	balance	and	usually	will	cause	increased	tailing	loss.	However,	if	the	high-grade	ore	is	free	milling,	the	feed	to	the	next	process	may	be	kept	more	uniform	by	first	removing	much	of	the	gold	by	amalgamation;	or,	if	the
high	grade	contains	coarse	gold,	by	catching	it	in	traps	before	the	ore	passes	to	the	main	process.	The	size	of	the	gold	particles	in	the	ore	often	has	considerable	influence	on	the	method	of	treatment	to	be	employed.	Because	gold	is	malleable,	ordinary	grinding	will	not	reduce	coarse	gold	particles	to	a	size	that	can	be	dissolved	completely	by	cyanide
in	the	time	usually	given	for	solution	of	fine	gold	in	cyaniding	practice,	and	it	is,	therefore,	desirable	to	remove	coarse	gold	first	by	means	of	traps,	blanket	tables,	jigs,	or	other	devices.	If	the	gold	occurs	in	extremely	small	particles,	the	ore	must	be	ground	fine	to	liberate	them	from	the	gangue	and	expose	their	surfaces	to	contact	with	cyanide
solution,	or	with	mercury,	as	the	case	may	be,	or	to	permit	making	a	high-grade	concentrate	without	carrying	into	the	tailing	prohibitive	amounts	of	gold	attached	to	the	gangue	particles.	The	fineness	of	grinding	may	be	determined	to	some	extent	by	the	milling	method,	which	in	turn	is	influenced	by	the	associated	minerals,	their	grindability,	and
their	effect	on	the	applicability	of	the	cyanide,	amalgamation,	or	concentration	processes.	If	the	gold	is	closely	associated	with	sulfides	of	the	base	metals,	relatively	coarse	grinding	may	suffice	for	gravity	or	flotation	concentration;	whereas,	if	associated	with	quartz	or	silicate	minerals,	much	finer	grinding	may	be	required	to	liberate	the	gold	for
amalgamation	or	cyanidation.	If	the	gold	is	in	such	fine	state	and	so	intimately	associated	with	the	gangue	minerals,	whether	sulfides	or	other	minerals,	that	sliming	is	necessary	to	liberate	it,	cyanidation	usually	is	the	best	method	of	recovery	to	employ	unless	the	ore	contains	deleterious	constituents	in	quantities	sufficient	to	inhibit	solution	of	the
gold,	foul	the	solutions,	or	react	with	the	cyanide.	In	some	ores	of	this	kind,	however,	the	finely	divided	gold	is	contained	principally	in	sulfides	that	can	be	concentrated	at	relatively	coarse	sizes	by	flotation,	permitting	the	discard	of	a	large	part	of	the	gangue	before	finer	final	grinding	and	treatment	of	the	concentrate	by	cyanidation.	The	nature	of	the
associated	ore	minerals	is	one	of	the	most	important	factors	in	the	selection	of	treatment	methods.	Certain	constituents	of	ores	may,	by	causing	poor	extraction	or	high	operating	costs,	rule	out	of	consideration	a	treatment	that	otherwise	would	be	suitable,	or	may	compel	the	use	of	expensive	steps	that	otherwise	would	not	be	required.	Pyrite	is
present	in	most	unoxidized	gold	ores,	where	it	nearly	always	contains	some	gold.	Complete	liberation	of	this	gold	from	the	pyrite	usually	entails	fine	grinding,	the	cost	of	which	may	be	prohibitive;	and,	even	if	freed,	the	gold	particles	often	retain	a	surface	film	of	sulfide	capable	of	preventing	amalgamation.	Generally	it	has	been	found	that	ores
containing	much	vein	pyrite	will	not	yield	a	satisfactory	gold	recovery	by	amalgamation	alone	but	must	be	treated	further	by	concentration	or	cyanidation.	Where	flotation	is	employed,	it	may	be	followed	by	cyanidation	of	the	concentrates,	of	the	tailing,	or	both,	or	by	smelting	of	the	concentrates.	Other	base-metal	sulfides	have	effects	similar	to	those
of	pyrite	and,	in	addition,	may	have	a	slight	tendency	to	foul	mercury,	but	usually	only	the	sulfides	of	arsenic,	antimony,	and	bismuth	are	likely	to	cause	much	trouble.	If	the	sulfides	are	partly	oxidized,	however,	enough	acids	and	soluble	sulfates	may	be	formed	to	give	serious	trouble	in	the	cyanide	process.	Pyrrhotite	(FenSn+1)	is	slowly	dissolved	by
cyanide	solutions,	consuming	cyanide,	and	also	has	the	power	of	absorbing	the	oxygen	that	enters	into	the	reaction.	Base-metal	sulfides	are	seldom	abundant	enough	in	gold	ores	to	make	it	profitable	to	save	and	market	them	separately.	Occasionally,	however,	their	presence,	even	in	small	amounts,	has	caused	the	treatment	to	be	modified	slightly
where	they	can	be	recovered	cheaply	to	furnish	an	additional	source	of	revenue.	At	the	Alaska-Juneau	mine	lead	is	present	in	very	small	quantities	(a	fraction	of	1	percent)	but	the	tonnage	treated	is	large	(currently	about	11,000	tons	per	day)	and	the	aggregate	amount	of	lead	is	worth	saving	in	the	form	of	a	concentrate,	which	is	shipped	for	smelting.
Arsenic	and	antimony	if	present	in	appreciable	quantities	cause	serious	trouble.	Sulfarsenides	and	sulfantimonides	are	present	in	many	gold	ores,	and	these,	together	with	the	sulfides,	cause	“sickening”	of	the	mercury	in	the	amalgamation	process,	chiefly	by	coating	it	with	a	black	film	that	causes	the	mercury	to	separate	into	small	globules.	Partly
decomposed	arsenic	and	antimony	minerals	and	the	oxides	realgar	and	orpiment	are	particularly	injurious.	Some	arsenic	and	antimony	compounds	are	soluble	in	cyanide	solutions	and	cause	high	consumption	of	cyanide;	they	also	tend	to	foul	the	solutions	to	such	an	extent	that	gold	and	silver	cannot	be	dissolved,	or	they	may	form	reducing
compounds	that	will	precipitate	gold	already	dissolved.	Tellurides	of	gold	and	silver,	important	ore	minerals	in	some	districts,	do	not	amalgamate	directly	and	cause	sickening	of	the	mercury	as	well.	Sodium	amalgam	will	amalgamate	with	them,	however.	It	long	has	been	thought	that	they	are	not	amenable	to	ordinary	cyanidation	but	are	soluble	in
bromocyanide,	and	the	usual	practice	has	been	to	roast	telluride	ores	before	cyanidation.	Recent	research	has	demonstrated	that	tellurides	are	soluble	in	cyanide	if	ground	fine	enough,	but	it	is	probable	that	the	extra	expense	of	fine-grinding	often	will	exceed	the	cost	of	preliminary	roasting	to	obtain	equally	good	extraction.	Certain	metallic	oxides,
carbonates,	hydrates,	sulfates,	and	arsenates,	as	well	as	soluble	sulfides,	form	a	group	known	collectively	as	cyanicides.	They	react	with	cyanide,	forming	double	cyanides,	which	dissolve	gold	and	silver	very	slowly,	if	at	all,	or	they	may	decompose	the	cyanide	and	thus	destroy	its	value	as	a	solvent.	Soluble	copper	salts	are	perhaps	the	most
troublesome	cyanicides,	for,	in	addition	to	reacting	with	the	cyanide,	they	deoxidize	the	solutions.	Along	with	ferrous	sulfide,	sulfate,	and	other	salts,	their	effect	cannot	be	counteracted	by	the	addition	of	lime	to	the	pulp	but	they	can	be	partly	removed	by	a	preliminary	acid	or	ammonia	wash.	Partial	oxidation	of	sulfide	minerals	may	prevent	successful
direct	concentration	by	flotation,	although	special	conditioning	reagents	may	be	used	to	make	them	amenable	to	this	process.	The	principal	gold-milling	methods	include	hand-sorting,	amalgamation,	gravity	concentration,	flotation	concentration,	cyanidation,	and	various	combinations	of	two	or	more	of	these	methods;	chlorination	is	seldom	employed
in	modern	plants,	though	at	one	time	it	was	used	to	a	considerable	extent.	In	all	of	these	methods	except	hand	sorting,	crushing	and	grinding	of	the	crude	ore	are	the	preliminary	steps,	and	in	some	instances	where	coarse	crushing	is	done	in	stages,	sorting	may	follow	the	first	stage.	Amalgamation	There	are	two	principal	methods	of	amalgamation—
plate	amalgamation	and	barrel	amalgamation.	In	plate	amalgamation	the	ore	is	crushed	wet	in	stamp	mills	or	ground	in	ball	mills	and	the	resulting	pulp	flows	over	copper	plates	(often	silvered),	which	are	coated	with	amalgam	and	mercury.	Particles	of	free	gold	and	silver	coming	in	contact	with	the	mercury	alloy	with	it	to	form	gold-silver	amalgam,
which	adheres	to	the	plates.	Where	stamps	are	employed,	the	screen	openings	range	from	about	12	to	40	mesh	as	a	rule,	which	determines	the	maximum	size	of	ore	particles	in	the	pulp	passing	over	the	plates.	Mercury	sometimes	is	introduced	into	the	stamp	mortar,	also,	especially	if	there	is	much	coarse	free	gold	in	the	ore.	The	plates	are	dressed
every	few	hours,	the	interval	depending	on	the	grade	of	the	ore,	amount	of	sickening	that	takes	place,	the	scouring	action	of	the	pulp,	and	degree	of	discoloration	of	the	plates	by	chemical	action.	Dressing	usually	comprises	brushing	the	plates	from	the	bottom	up-ward	with	a	whiskbroom	or	rubber	scraper	to	remove	excess	amalgam,	sprinkling	fresh
mercury	on	the	resulting	bare	or	thin	spots,	and	working	the	mercury	until	the	surface	shows	the	proper	amalgam	condition.	At	longer	intervals	the	plates	are	thoroughly	cleaned	and	re-dressed	with	mercury.	The	gold	is	finally	recovered	by	squeezing	out	excess	mercury,	retorting	the	amalgam,	melting	down	the	resulting	sponge	gold	and	casting	it
into	bars.	The	stamp	mill	is	not	an	efficient	crushing	machine,	although	it	has	been	retained	in	a	number	of	mills,	some	of	them	quite	large,	probably	owing	to	the	fact	that	the	investment	had	been	made	or	to	the	peculiar	crushing	characteristics	of	the	ores.	It	has	some	advantages	in	mills	of	small	capacity	because	of	the	small	unit	capacity	of	each
battery,	which	permits	shutting	down	one	or	more	batteries	without	lessening	the	efficiency	of	the	others,	and	because	of	the	comparatively	low	first	cost.	Figure	143	is	the	flow	sheet	of	the	Argonaut	mill	as	it	was	in	1928,	which	was	typical	of	stamp-mill	plate-amalgamation	practice	in	the	Mother	Lode	(California)	district	at	that	time.	After	passing
over	the	plates,	the	pulp	went	to	vanners	for	gravity	concentration,	and	the	vanner	tails	were	cyanided	in	a	separate	plant.	Figure	144	is	the	flow	sheet	of	the	south	mill,	Homestake	mine,	in	1927,	which	employed	two-stage	grinding	and	amalgamation;	crushing	is	done	by	stamps	and	grinding	by	rod,	tube,	and	ball	mills.	Barrel	amalgamation	usually	is
employed	for	treatment	of	heavy	concentrates	from	corduroy	or	sand	tables	or	from	coarse-gold	traps	and	other	small	batches	of	rich	material.	The	barrel	is	a	revolving	steel	cylinder.	It	is	charged	with	a	batch	of	concentrate	and	a	light	load	of	grinding	balls	to	break	up	the	material	and	to	scour	and	brighten	the	surfaces	of	the	gold	particles.	After	the
barrel	has	rotated	for	several	hours,	an	excess	of	mercury	is	added	to	it	and	it	is	revolved	for	2	or	3	hours	more.	The	batch	is	then	discharged,	the	mercury	and	amalgam	are	recovered	by	panning,	and	the	gold	is	recovered	from	the	amalgam	by	retorting.	Pan	amalgamation	is	employed	similarly	for	treating	small	batches	of	very	rich	concentrate;	the
concentrate	is	ground	with	mercury	in	cast-iron	tubs	or	pans	equipped	with	rotating	dies	or	grinding	shoes.	Concentration	Concentration	is	employed	for	the	purpose	of	segregating	the	gold	in	a	product	of	relatively	small	bulk	for	direct	shipment	to	a	smelter	or	for	further	treatment	in	the	mill.	For	many	years	gravity	concentration	was	virtually	the
only	concentrating	method	employed	in	gold	mills,	but	in	recent	years	flotation	methods	have	been	used	widely,	especially	in	the	flow	sheets	of	new	mills.	As	an	adjunct	to	other	methods,	concentration	may	effect	marked	savings	in	operating	costs.	Thus,	it	is	often	possible	to	produce	a	concentrate	containing	most	of	the	gold	after	relatively	coarse
grinding,	then	fine-grind	the	concentrate	preparatory	to	extracting	the	gold	by	cyanidation	or	amalgamation.	Since	fine-grinding	usually	is	the	most	costly	operation	in	gold	milling,	it	is	obvious	that	where	it	can	be	restricted	to	a	concentrate,	the	bulk	of	which	is	only	a	fraction	(sometimes	a	very	small	fraction)	of	that	of	the	original	ore,	the	saving	in
cost	is	appreciable.	Furthermore,	the	constituents	of	the	ore	that	are	most	abrasive	and	difficult	to	grind	are	often	the	gangue	minerals	that	are	largely	removed	by	concentration.	The	principal	gravity-concentrating	devices	now	employed	are	stationary	blanket	tables,	concentrating	cones,	jigs,	shaking	tables,	and	vanners.	Concentrating	cones	or
traps	frequently	are	employed	to	remove	coarse	gold	from	the	circuit	before	it	passes	to	the	main	treatment	process;	they	are	commonly	placed	between	the	primary	ball	or	rod	mill	and	a	classifier	operating	in	closed	circuit	therewith.	Jigs	are	installed	for	a	similar	purpose	at	some	point	near	the	head	of	the	flow	sheet.	Blanket	tables	are	stationary
sloping	surfaces	covered	with	corduroy,	coco	matting,	or	other	coarse-woven	fabric.	Corduroy	especially	manufactured	for	this	purpose	is	probably	the	best	material	to	use	because	of	its	durability	and	the	riffling	action	of	the	ribs	of	the	cloth.	The	pulp	from	the	grinding	mills	is	passed	in	a	thin	stream	over	the	table,	and	the	coarse	gold	and	heavier
minerals	are	caught	and	held	on	the	cloth.	The	blankets	are	taken	from	the	tables	and	washed	in	a	tub	or	vat	at	frequent	intervals	to	remove	the	concentrate,	which	is	then	treated	in	an	amalgam	barrel,	cyanided,	or	shipped	to	a	smelter.	Shaking	tables	are	of	several	types,	but	all	operate	on	the	same	basic	principle.	They	consist	of	a	flat,	sloping	deck,
fitted	with	thin,	tapered	riffles	running	parallel	or	diagonally	with	the	long	dimension	of	the	deck	(for	sand	feed)	or	are	covered	with	fabric	(for	slime	feed).	An	eccentric	mechanism	is	employed	to	oscillate	the	deck	in	a	longitudinal	direction.	The	pulp,	which	should	be	sized	or	classified	for	best	results,	is	fed	in	a	thin	stream	over	the	deck,	the	light
gangue	minerals	being	washed	over	the	lower	side	of	the	table	whereas	the	gold	and	heavy	minerals	are	caught	behind	the	riffles	and	moved	along	toward	the	end	of	the	table	by	the	jerking	motion.	Figure	145	is	a	flow	sheet	of	the	Alaska-Juneau	mill	(1929),	in	which	tables	are	employed	to	produce	a	high-grade	gold	concentrate	that	is	treated	by
amalgamation,	a	middling	or	shipping	concentrate,	and	a	tailing	product.	Vanners	formerly	were	employed	extensively	for	concentration	of	slime	material,	but	a	low	extraction	usually	resulted	because	of	the	tendency	of	very	fine	gold	particles	to	float	off	with	the	gangue.	Usually,	appreciably	higher	extraction	of	gold	from	slimes	can	be	obtained	by
flotation	or	cyanidation.	Classification	is	a	form	of	concentration	that	usually	is	employed	more	specifically	for	the	purpose	of	separating	the	coarse	from	the	fine	material	(the	sands	from	the	slimes)	and	in	the	usual	gold-mill	flow	sheet	is	employed	in	the	grinding	section	to	separate	coarse	material	that	requires	regrinding	from	the	fine	slimes	that	are
ready	for	the	next	stage	of	the	process.	Classifiers	may	be	either	in	closed	circuit	with	a	grinding	mill	(usually	a	ball,	pebble,	or	rod	mill),	in	which	case	the	sands	are	returned	to	the	mill	from	which	they	were	received,	or	in	series	with	a	second	mill.	Flotation	is	used	principally	on	gold	ores	that	carry	enough	sulfide	mineral	to	stabilize	a	froth,
although	it	has	been	applied	successfully	in	connection	with	other	methods	to	the	treatment	of	oxidized	ores	containing	little	if	any	sulfide	mineral.	The	flotation	concentrate	may	be	a	finished	product	that	is	shipped	to	a	smelter	or	it	may	be	treated	further	for	extraction	of	the	gold	by	direct	cyanidation	or	by	roasting	followed	by	cyanidation.	Flotation
reagents	are	now	available	that	will	not	inhibit	amalgamation,	and	flotation	concentrates	are	sometimes	treated	by	amalgamation	for	recovery	of	the	gold.	In	some	mills	a	quick	recovery	of	coarse,	rich	material	is	accomplished	in	a	“unit	cell”	placed	in	the	grinding	section,	usually	between	the	ball	mill	and	classifier	or	after	the	classifier	and	just	ahead
of	the	main	flotation	circuit,	which	thus	performs	a	function	similar	to	that	of	a	concentrating	cone	or	jig	placed	at	the	same	point	in	the	circuit	as	mentioned	previously.	Figure	146	is	the	flow	sheet	of	a	small	mill	at	Burgdorf,	Idaho,	in	which	a	jig	follows	the	ball	mill	and	the	concentrate	from	the	jig	is	cleaned	on	a	Wilfley	table	and	amalgamated	in	a
barrel.	The	jig	tailing	and	the	Wilfley	table	tailing	are	classified,	the	sands	being	returned	to	the	ball	mill	for	regrinding	while	the	slime	(“overflow”	in	figure)	is	concentrated	on	tables	covered	with	rubber	matting.	The	tailing	from	the	tables	is	treated	in	a	five-cell	flotation	machine.	In	this	mill,	therefore,	flotation	is	employed	as	an	adjunct	to	gravity
concentration	and	amalgamation	to	recover	additional	gold	from	the	tailing.	Figure	147	is	the	flow	sheet	of	a	small	gold	concentrator	in	which	straight	flotation	is	employed,	the	overflow	from	the	classifiers	being	fed	directly	to	two	sets	of	flotation	cells	in	parallel,	the	cleaner	cells	of	which	produce	a	finished	concentrate	for	shipment	to	the	smelter.
There	are	so	many	different	ways	in	which	flotation	is	combined	with	other	methods	of	recovery	that	neither	figure	146	nor	figure	147	can	be	said	to	be	typical;	they	merely	represent	two	extremes,	one	in	which	flotation	is	an	adjunct	to	the	mill	for	recovering	gold	in	the	mill	other	in	which	flotation	is	the	only	process.	Flotation	concentrates	often	are
treated	by	cyanidation,	usually	after	regrinding,	in	which	case	reagent	strength	and	consumption	per	ton	usually	are	higher	than	when	raw	ores	are	cyanided.	Cyanidation	The	cyanide	process	is	based	on	the	work	of	MacArthur	and	the	Forrests	(begun	in	1886)	and	involves	the	leaching	of	gold	and	silver	from	alkaline	pulps	with	dilute	solutions	of
sodium	or	potassium	cyanide,	the	filtering	and	clarification	of	the	gold-silver-bearing	solution,	and	precipitation	of	metals	from	solution.	Oxygen	is	essential	to	the	solution	reaction,	and	in	practice	oxygenation	is	accomplished	by	violent	agitation	of	the	pulp	by	the	injection	of	compressed	air.	Precipitation	usually	is	by	means	of	zinc	shavings	or	zinc
dust	and	is	improved	if	the	solution	be	first	de-aerated.	Aluminum	is	used	instead	of	zinc	under	some	unusual	conditions.	Nearly	all	gold	ores	are	amenable	to	cyanidation,	although,	as	previously	pointed	out,	certain	constituents	of	some	ores	cause	excessive	consumption	of	cyanide	and	other	reagents,	or	the	fouling	of	solutions,	with	resultant	high
costs.	A	few	are	so	difficult	to	treat	by	direct	cyanidation	that	costly	preliminary	treatment	must	be	employed,	when	other	methods	might	prove	more	economical.	The	principal	cyanicides	have	been	mentioned	already.	Carbonaceous	matter,	often	contained	in	graphitic	slates	associated	with	gold	ores,	may	result	in	high	tailing	loss	through	its	capacity
to	precipitate	gold	from	the	solutions.	In	general,	cyanide	treatment	comprises	four	steps—preparation	of	the	ore	(crushing,	screening,	grinding,	and	classification),	leaching	or	dissolving	the	gold,	separation	of	the	gold-bearing	(“pregnant”)	solution	from	the	leached	pulp	(thickening,	filtration,	and	clarification	of	the	solution),	and	precipitation.
Preparation	of	the	ore	as	above	defined	is	very	important,	and	as	it	is	usually	the	most	expensive	part	of	the	process	(especially	fine	grinding),	it	has	been	the	object	of	much	research	and	experimentation.	Gow,	Guggenheim,	and	Coghill	reviewed	the	subject	of	fine	grinding	in	ore	concentrators	in	1933.	Data	on	equipment,	fineness	of	grinding,	costs,
etc.,	at	gold	mills	will	be	tabulated	with	other	gold-milling	data	later.	Where	an	all-cyanide	method	is	employed,	the	grinding	usually	is	done	in	cyanide	solution	and	no	water	is	used	in	the	mill	except	for	final	washing	of	the	filter	cake.	A	good	deal	of	the	gold,	sometimes	most	of	it,	is	then	dissolved	in	the	grinding	section	of	the	mill	and	the	time	of
contact	of	solution	with	pulp	in	agitators	and	thickeners	may	be	reduced	appreciably.	Leaching	is	accomplished	in	different	ways,	according	to	the	character	of	the	ore;	the	entire	mill	feed	may	be	finely	ground	and	treated	by	the	agitation	or	all-slime	process,	it	may	be	separated	by	classification	into	sand	and	slime	portions	that	are	cyanided
separately	or	concentrate	may	be	cyanided	by	one	method	and	tailing	by	another.	There	are	two	principal	leaching	methods—batch	or	“sand”	leaching	and	all-slime	or	agitation	leaching.	Sand	leaching	is	done	in	tanks	fitted	with	fiber	bottoms,	into	which	the	sands	are	charged.	Successive	leachings	with	cyanide	solution	are	made,	each	usually	being
weaker	than	the	preceding	one.	The	solutions	are	either	introduced	at	the	top	and	percolate	down	through	the	pulp,	or	enter	at	the	bottom	under	a	slight	pressure	and	are	decanted	after	passing	upward	through	the	pulp.	Draining	and	leaching	in	stages	usually	gives	better	results	than	continuous	passage	of	the	solution,	since	the	charge	is	better
aerated	in	this	way.	For	successful	leaching,	the	charge	should	be	of	classified	material	and	free	from	slimes	that	would	clog	the	pulp	column,	preventing	passage	of	the	solution	in	places	and	causing	“channeling”	in	others.	Thus,	in	large	plants	where	sand	leaching	is	practiced,	it	is	customary	to	treat	only	the	sands	by	this	process,	the	slimes	being
treated	by	agitation	and	countercurrent	decantation	or	(and)	filter	washing.	The	sand	charge	is	given	one	or	more	final	water	washes	and	is	discharged	from	the	tank.	All-slime	or	agitation	leaching	depends	on	constant	movement	of	the	ore	particles	in	well-aerated	cyanide	solution.	Agitation	and	solution	usually	begin	in	the	grinding	circuit,	as
previously	stated.	After	grinding	and	classification	of	the	pulp	to	the	desired	degree	of	fineness,	it	is	usually	first	thickened	and	then	fed	to	agitation	tanks,	where	it	is	brought	to	the	required	consistency	and	cyanide	strength	by	addition	of	stock	cyanide	solution.	Agitation	is	accomplished	by	mechanical	means,	by	compressed	air,	or	both.	The	time	of
agitation	required	to	obtain	extraction	of	the	gold	varies	and	must	be	determined	in	each	instance	by	tests	and	experience.	Agitation	in	batches,	while	it	can	be	controlled	rather	closely,	is	usually	more	costly	than	the	continuous	process	that	is	used	almost	universally	in	modern	plants.	In	the	agitation	processes	the	pulp	from	the	primary	thickener
goes	to	agitation	tanks,	of	which	there	are	usually	at	least	three	in	series.	After	leaving	the	last	agitator,	the	pulp	may	be	thickened	and	washed	one	or	more	times	and	finally	filtered,	or	it	may	be	subjected	to	continuous	countercurrent	decantation.	Most	of	the	cyanide	plants	in	Ontario	and	Quebec	employ	filter	washing	rather	than	countercurrent
decantation.	If	grinding	has	been	done	in	cyanide	solution,	the	overflow	from	the	primary	thickener	preceding	the	agitators	usu-	ally	constitutes	the	gold	solution	that	goes	to	the	clarification	and	precipitation	section	of	the	mill.	In	straight	filtration-leaching,	the	process	is	briefly	and	essentially	as	follows:	The	pulp	from	the	agitators	may	be	thickened
first	or	may	be	sent	directly	to	the	continuous	filters.	On	the	filters	the	cake	first	receives	one	or	more	washes	with	barren	cyanide	solution	and	then	one	or	more	of	water,	both	filtrates	being	pumped	back	to	the	mill-solution	tank	for	use	in	the	grinding	and	other	sections	of	the	mill.	Figure	148	is	a	flow	sheet	of	the	Coniaurum	mill	(1931)	in	which
filtering,	repulping	and	agitation,	and	secondary	filtering	are	employed.	In	countercurrent	decantation	the	pulp	from	the	agitators	goes	to	three	or	more	thickeners	arranged	in	series.	These	thickeners	are	often	of	the	classifier-thickener	type.	The	leached	pulp	enters	the	first	thickener	from	the	last	agitator	(if	there	is	no	primary	thickener	preceding
the	agitators,	this	may	be	considered	the	primary	thickener).	Most	of	the	pregnant	solution	overflows	this	thickener	and	either	goes	back	to	the	grinding	circuit	or	directly	to	clarification	and	precipitation,	while	the	thickened	underflow	is	discharged	to	the	second	thickener	of	the	series.	In	this	thickener	the	pulp	is	mixed	with	much	lower	grade
overflow	from	the	third	tank.	After	mixing	in	the	second	tank,	most	of	the	dissolved	gold	that	came	in	with	the	pulp	is	dispersed	throughout	the	solution,	raising	its	value.	The	overflow	from	the	second	tank	goes,	in	turn,	to	the	first	tank,	while	the	thickened	pulp	is	discharged	to	the	third	tank	of	the	series,	carrying	with	it	some	solution	of	lower	grade
than	that	which	it	brought	with	it	from	the	first	thickener.	The	process	is	repeated	in	each	tank,	the	pulp	becoming	successively	leaner	as	regards	the	value	of	the	solution	carried	along	with	it	whereas	the	main	body	of	solution	is	enriched	at	each	step.	At	the	last	thickener	in	the	series	enough	fresh	water	or	weak	barren	solution	is	added	to	offset	the
amount	of	liquid	leaving	the	circuit	with	the	leached	slime	plus	spillage,	evaporation,	and	other	losses,	and	the	slime	goes	to	the	tailing	pond	or	to	filtration	for	further	washing.	Countercurrent	decantation	is	illustrated	by	the	simple	flow	sheet	of	the	Big	Jim	mill	(fig.	149).	The	subject	of	gold	milling	was	discussed	in	a	general	way	but	in	somewhat
more	detail	in	an	earlier	bulletin.	Progress	reports	covering	results	of	research	on	gold	milling	are	issued	from	time	to	time	by	the	Metallurgical	Division	of	the	Bureau	of	Mines.	Gold-Milling	Data	The	data	in	table	57	have	been	obtained	from	various	sources	as	noted.	In	view	of	the	frequent	changes	in	practice	that	take	place	in	most	mills	due	to
changes	in	ore	characteristics,	in	methods	and	equipment	brought	about	by	research	and	improved	machines,	and	increases	or	decreases	in	capacity,	these	data	should	be	understood	to	apply	specifically	to	the	period	covered	and	only	generally	to	long-time	operations.	However,	they	represent	broadly	current	practices	and	results	obtained	in	milling
various	types	of	gold	ores.
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