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One	of	the	biggest	benefits	of	Fenton	oxidation	is	that	it	has	Advanced	Treatment	Technology	and	Strategy	Oxidant	197	Catalyst	Treated	water	Wastewater	storage	tank	Oxidation	reactor	Exhausted	catalyst	Figure	4.1	Layout	of	Fenton	oxidation	process	(	).	10	(3),	149–156.	On	the	other	hand,	if	the	intensity	is	changed	by	changing	the	transmittance
area	of	ultrasonic	equipment,	at	lower	intensities,	the	same	power	dissipation	is	taking	place	over	a	larger	area,	resulting	in	uniform	energy	dissipation	and	a	larger	active	area	of	cavitation	and	higher	cavitational	yields.	The	quantity	of	wastewater	generated	in	many	industries	varies	substantially	from	process	to	process	and	is	substantially	higher	in
developing	countries.	The	surface	charge	and	charge	density	are	critical	parameters	in	the	removal	of	pollutants	in	colloidal	form.	Env.	As	a	part	of	this	work,	we	organized	a	workshop	entitled	Indus	Water	(see	for	more	information)	at	CSIR-NCL.	Also,	the	oxidation	potential	of	HO•	radicals	is	known	to	reduce	with	an	increase	in	the	pH.	Novel
cellulose-manganese	oxide	hybrid	material	by	in	situ	soft	chemical	synthesis	and	its	application	for	the	removal	of	Pb(II)	from	water.	Two	of	the	important	applications	in	this	area	include	removal	of	dyes	from	the	wastewaters	and	treatment	of	pharmaceutical	wastewater	containing	specialty	molecules.	2.3.5	Ion	Exchange:	Advances	and	Applications
in	Wastewater	Treatment	Recently,	newer	synthetic	polymers	without	functional	groups	have	been	developed	and	used	commercially.	Although	the	electrolytic	method	is	considered	a	costly	method	in	terms	of	energy	consumption,	the	additional	effect	of	ultrasound	is	believed	to	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Cu	Treatment
Methods	52	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment—cont'd	Metal	Occurs	in	Effluents	of	Discharge	Limits	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment—cont'd	Metal	Occurs	in	Effluents	of	Discharge	Limits	Cd	reduce	the	cost	substantially	(Farooq	et	al.,	2002)	for	low	concentrations.	This	is
especially	true	for	chemical	and	allied	process	industries.	Assuming	an	application	rate	of	5000	m3/ha/year,	the	fertilizer	contribution	of	this	effluent	would	be	250	kg/ha/year	of	nitrogen,	50	kg/ha/year	of	phosphorus,	and	150	kg/ha/year	of	potassium.	Typically,	the	Langmuir	isotherm	belongs	to	a	Type	I	isotherm	that	indicates	a	uniform	homogeneous
surface	with	monolayer	adsorption	without	interaction	between	the	species	getting	adsorbed.	2.3.1	Adsorbent:	Screening	and	Selection	The	selection	of	a	suitable	adsorbent	is	the	most	important	step	in	devising	adsorption	separation	for	effluent	treatment,	and	it	is	largely	dictated	by	the	nature	of	pollutants	such	as	acids,	organics,	and	metals.	The
Fenton	reagent	is	one	of	the	most	effective	methods	for	oxidizing	organic	pollutants.	Gogate,	P.R.,	Pandit,	A.B.,	2004a.	12,	39–44.	Cheng,	Z.,	Tan,	A.L.K.,	Tao,	Y.,	Shan,	D.,	Ting,	K.,	Yin,	X.J.,	2012.	Pure-oxygen	activated	sludge	–	Oxygen	added	under	pressure	keeps	the	dissolved	oxygen	level	high.	28,	199–204.	Environ.	The	reaction	process	may
require	separation	in	the	form	of	removal	of	impurities	from	the	raw	materials	(pretreatment).	Sedimentation	by	chemical	or	physical	separation	–	Anaerobic	contact	process	(flocculation/lamella	separator)	–	Centrifugation	6.	After	the	reaction	is	over,	the	product	mass	again	requires	separation	to	get	desired	product	with	required	specification	apart
from	separation	required	for	treatment	of	gaseous/liquid	effluent	(posttreatment).	98,	2321–2334.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	77	Bhandari,	V.M.,	Ko,	C.H.,	Park,	J.G.,	Han,	S.S.,	Cho,	S.H.,	Kim,	J.N.,	2006.	Sonawane,	S.H.,	Chaudhari,	P.L.,	Ghodke,	S.A.,	Parande,	M.G.,	Bhandari,	V.M.,	Mishra,	S.,	Kulkarni,
R.D.,	2009.	2.2.2	How	Coagulants	Work	and	How	to	Select	Coagulant	Coagulants	function	broadly	through	dissociation,	neutralization,	and	an	association	mechanism.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	©	2014	Elsevier	Ltd.	He,	Z.,	Song,	S.,	Ying,	H.,	Xu,	L.,	Chen,	J.,	2007.	168	Industrial	Wastewater	Treatment,	Recycling,	and
Reuse	H2	O2	+	ÞÞÞ	!	2	•	OH	•	•	H2	O	+	ÞÞÞ	!	H	+	OH	•	•	•	OH	+	OH	!	H2	O2	OH	+	H2	O2	!	HO•2	•	OH	+	HO•2	+	H2	O	!	H2	O	+	O2	HO•2	+	H2	O2	!	•	OH	+	H2	O	+	O2	(3.26)	(3.27)	(3.28)	(3.29)	(3.30)	(3.31)	Pollutant	molecules	+	•	OH	!	CO2	+	H2	O	+	other	intermediates	(3.32)	Pollutant	molecules	+	H2	O2	!	CO2	+	H2	O	+	other	intermediates
(3.33)	The	efficiency	of	the	combined	process	is	very	much	dependent	on	the	rate	at	which	•OH	radicals	are	consumed	by	the	pollutant	molecules.	In	general,	for	the	removal	of	suspended	solids	(TSS),	sedimentation,	MF,	filtration,	and	coagulation	processes	are	most	suitable	and	commonly	employed.	Different	AOPs	have	been	developed	and	tested
for	the	degradation	of	different	pollutants	(inorganic	and	organic	compounds)	present	in	the	wastewater.	In	anaerobic	fermentation,	the	formation	of	methane,	alcohols,	ketones,	and	organic	acids	is	important.	Separation	of	close	boiling	mixtures	of	heterocyclic	amines	and	LTC	tar	acids	by	dissociation	extraction.	A	sequential	operation	can	also	help
in	substantial	nitrogen	removal	in	the	process.	7.	Operation	Dynamics	and	Process	Control	in	Secondary	Clarifiers;	A	Novel	Design.	This	is	where	the	development	and	application	of	various	treatment	methodologies	become	important.	Mazzarino,	I.,	Piccinini,	P.,	1999.	7	(2),	583–595.	Batch	and	continuous	separation	of	acetic	acid	from	succinic	acid	in
a	feed	solution	with	high	concentrations	of	carboxylic	acids	by	emulsion	liquid	membranes.	(2006,	2013)	have	used	CFD	models	to	devise	a	patented	design	of	vortex	diodes	for	water	treatment	and	disinfection.	This	is	mainly	because	these	states	produce	the	most	water-intensive	crops,	accounting	for	70%	of	total	crops	in	India.	Effluent	Treatment:
Basics	and	a	Case	Study,	.	Bhandari	Chemical	Engineering	and	Process	Development	Division,	CSIR-National	Chemical	Laboratory,	Pune,	India	Haresh	Bhuta	XH2O	Solutions	Pvt.	3	(2),	220–241.	Ranade	Chemical	Engineering	and	Process	Development	Division,	CSIR-National	Chemical	Laboratory,	Pune,	India	2.1	INTRODUCTION	Industrial
wastewater	treatment	is	a	vast	area	encompassing	a	number	of	physical,	physico-chemical,	and	biological	methods	of	treatment.	Cavitational	effects	leading	to	an	increase	in	the	temperatures	and	pressure	at	the	localized	cavity	implosion	sites.	VDOC.PUB	Authors:	Vivek	V	Ranade	PDF	Download	Embed	This	document	was	uploaded	by	our	user.	B:
Environ.	The	current	state	of	the	technology	implies	that	it	is	being	tested	at	the	pilot	and	pre-industry	level	with	some	installations	working	in	some	parts	of	world.	Similarly,	for	the	Fenton	process,	the	cost	of	chemical	reagent	(ferrous	sulphate	and	H2O2)	is	very	high.	219–220,	69–74.	Kusic,	H.,	Koprivanac,	N.,	Srsan,	L.,	2006.	Advanced	Physico-
chemical	Methods	of	Treatment	for	Industrial	Wastewaters	Process	im	provemen	t	using	co	95	agulant	fo	rmulation	pH	range	PAC:PolyDAD	MAC	(200:100)	3-11	pH	range	PAC:PolyDAD	MAC	(200:60)	3-9	pH	range	5-7	PAC:PolyDAD	MAC	(200:20)	Figure	2.5	Process	improvement	using	binary	coagulant	formulations.
in/courses/105105048/M11_L14.pdf.	Kinetic	modeling	of	Fenton	oxidation	of	phenol	and	monochlorophenols.	A	new	approach	for	devising	more	robust,	high-capacity,	high-selectivity	exchangers	with	ease	of	operation	needs	to	be	found.	The	removal	of	Cr	and	Zn	is	more	effective	at	a	lower	pH,	below	neutral.	Wastewater	treatment,	recycling,	and
reuse	for	the	purpose	of	agriculture	can	be	quite	straightforward	for	many	industrial	and	sewage	wastewaters.	However,	in	the	case	of	priority	pollutants	and	for	satisfactory	water	recycling	and	reuse,	usually	tertiary	treatments	are	essential.	Ce/qe.	42,	50–58.	Biomass	retention	(internal)	1.	Generally,	the	agricultural	sector	receives	subsidized	water
while	industry	water	prices	vary	depending	on	location	and	availability	(and	are	usually	highly	priced).	The	photo-activated	chemical	reactions	are	characterized	by	a	free	radical	mechanism	initiated	by	the	interaction	of	photons	of	sufficient	energy	levels	with	the	molecules	of	chemical	species	present	in	the	solution,	with	or	without	the	presence	of
the	catalyst.	For	simple	undissociated	species,	Fick’s	law	of	diffusion	can	be	conveniently	used,	whereas	for	ionic	species,	usually	the	Nernst-Planck	equation	or	other	equations	that	allow	accounting	for	ionic	interactions	such	as	Stefan-Maxwell	equation	are	more	appropriate.	This	book	attempts	to	focus	on	these	and	other	aspects	to	realize
environmentally	benign	and	globally	competitive	processes	and	technologies.	Water	Pollution	in	India	–	An	economic	appraisal,	viewed	09	May,	2013,	.	Most	inorganic	coagulants	are	pH	sensitive	and	therefore	work	only	in	a	narrow	pH	range.	Coagulation,	by	default,	refers	to	a	chemically	induced	phenomenon	and	is	most	commonly	practiced	in
industrial	wastewater	treatment	in	the	chemical,	pulp	and	paper,	dye	and	textile,	petrochemical,	pharmaceutical,	food,	mineral	processing,	and	metal	industries.	150	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.2.2	Hydrodynamic	Cavitation	One	of	the	alternative	techniques	for	the	generation	of	cavitation	is	the	use	of	hydraulic	devices
where	cavitation	is	generated	by	the	passage	of	the	liquid	through	a	constriction	such	as	a	valve,	orifice	plate,	or	venturi	(Gogate	and	Pandit,	2005;	Moholkar	et	al.,	1999).	A	cavitation	number	below	the	optimum	number	results	in	choked	cavitation,	with	an	outcome	of	reduced	cavitational	intensity.	The	colloids	in	wastewater	are	stable	because	of	the
electrical	charge	that	they	carry	that	prevents	them	from	settling	or	getting	separated	from	the	wastewaters.	The	physico-chemical	methods	listed	above	are	briefly	discussed	in	the	next	section.	An	effluent	having	high	ammoniacal	nitrogen	content	is	usually	difficult	to	treat	using	conventional	methods	and	needs	to	be	separated	from	common
effluent	for	separate	processing.	Recently,	Yuan	et	al.	UV	assembly	was	placed	centrally	in	a	feed	tank	for	UV	irradiation	as	per	the	requirement.	140	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Suslick,	K.S.,	Midleleni,	M.M.,	Reis,	J.T.,	1997.	In	using	such	information	or	methods	they	should	be	mindful	of	their	own	safety	and	the	safety	of
others,	including	parties	for	whom	they	have	a	professional	responsibility.	The	preliminary	treatment	generally	requires	a	combination	of	various	methods	such	as	coagulation,	sedimentation,	and	filtration.	Sata,	T.,	1991.	Ideally,	the	adsorbent	is	required	to	have	the	following	properties,	which	form	the	basis	of	selection:	1.	Chapter	6	describes	reuse
of	wastewater	for	harnessing	bioenergy—an	approach	that	represents	a	paradigm	shift	in	conventional	wastewater	treatment.	Thermal	pyrolysis	of	molecules	present	near	or	inside	the	collapsing	cavities	is	also	possible.	Membrane	separations	6.	Further,	the	inclusion	of	ferrous	ions	and	UV	light	improves	process	efficiency.	Film	transport	to	surface
of	particle	B.	Due	to	HC	pretreatment,	the	efficiency	of	the	conventional	biological	process	is	increased	by	almost	sixfold	in	terms	of	COD	removal	and	biogas	formation.	In	that	event,	it	is	necessary	to	closely	evaluate	cost	performance	of	the	methods	for	the	selection	made.	Degradation	of	dichlorvos	using	hydrodynamic	cavitation	based	treatment
strategies.	Here,	the	cost	of	material	is	significant	and	needs	to	be	optimized,	mainly	through	the	selection	of	appropriate	materials	and	process	integration.	Gurel,	L.,	Altas,	L.,	Buyukgung,	H.,	2005.	Manag.	Recently,	CPCB	India	attempted	to	evaluate	the	value	associated	with	municipal	wastewaters	with	the	assumption	that	both	water	and	nutrients
have	value	and	that	there	is	no	loss	of	nutrients	during	treatment.	The	food	and	agriculture	industries	produce	high	biological	oxygen	demand	(BOD)	wastewaters.	It	is	also	more	difficult	to	remove	from	aqueous	streams.	1,	191–199.	But	at	a	very	high	frequency,	the	cavity	generation	may	reduce	due	to	the	short	time	of	the	rarefaction	phase	(higher
frequency)	and	may	require	higher	driving	pressures.	Overall,	it	can	be	said	that	AOPs	are	an	effective	method	for	degrading	complex	biorefractory	pollutants.	3.2.2.2.2	Effect	of	Geometry	of	a	Cavitating	Device	The	optimum	cavitational	yield	of	HC	is	dependent	on	several	operating	parameters:	number	of	cavitational	events	occurring	inside	a
cavitating	reactor,	residence	time	of	cavity	in	the	low-pressure	zone	(maximum	size	reached	by	the	cavity	before	its	collapse),	and	the	rate	of	pressure	recovery	downstream	of	the	throat	(Bashir	et	al.,	2011).	Saravanane,	Vivek	V.	In	the	case	of	the	venturi,	the	pressure	recovers	smoothly	because	of	the	divergent	angle,	and	cavities	get	enough	time	to
grow	to	a	maximum	size	before	collapsing,	thereby	allowing	cavities	to	undergo	various	cycles	of	expansion	and	collapse.	It	can	be	seen	that	processes	such	as	adsorption	and	biological	processes	have	securely	established	themselves	in	terms	of	commercial	use	and	are	also	technologically	mature,	indicating	their	wide	acceptability	in	the	industry.
For	selection	of	an	adsorbent,	adsorption	capacity	(e.g.,	range	10–200	A	gram	of	adsorbate	adsorbed	per	gram	of	adsorbent	at	equilibrium),	and	adsorbent	life	(number	of	adsorption-desorption	cycles	for	which	the	adsorbent	can	be	used	without	significant	loss	in	its	capacity)	are	important	practical	considerations.	Daya	Publishing	House,	Delhi.
Sonolytic	degradation	of	acetic	acid	in	aqueous	solutions.	95,	172–179.	On	an	Ceramics,	pickling,	ore	processing,	glass	making,	alloy,	electrical	coil	manufacturing	industry,	and	dry	cell	batteries	1–5	mg/L	as	Mn;	0.05	mg/L	as	minimum	soluble	manganese	allowable	in	fresh	water	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Mn	Treatment
Methods	48	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment	Metal	Occurs	in	Effluents	of	Discharge	Limits	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment—cont'd	Metal	Occurs	in	Effluents	of	Discharge	Limits	Electroplating,	silver	refineries,	storage	batteries	0.1–3	mg/L	for	surface	and	sewer	waters
Continued	49	average,	storage	battery	lead	cells	have	initial	concentration	4	mg/L	and	pH	1–2.	Adsorption	characterization	of	lead(II)	and	cadmium(II)	on	crosslinked	carboxymethyl	starch.	For	commercial	adsorbents	that	have	a	large	surface	area,	the	maximum	contribution	is	of	micropores	(50	nm)	that	have	less	capacity/surface	area	but	better
kinetics.	Copper,	chromium	and	nickel	removal	from	metal	plating	wastewater	by	electrocoagulation.	Development,	characterization	and	the	application	of	hybrid	materials	in	coagulation/flocculation	of	wastewater:	a	review.	32	(18),	2727–2733.	PRIORITY:	IN	2006-DE734	20	Mar	2006.	Tripathy,	T.,	De,	B.R.,	2006.	Emulsion	liquid	membrane
extraction	of	lactic	acid	from	aqueous	solutions	and	fermentation	broth.	Environmental	applications	of	semiconductor	photocatalysis.	As	stated	earlier,	in	an	electrical	double-layer	suppression-type	mechanism	common	to	inorganic	coagulants,	there	is	little	or	no	dependence	on	coagulant	dosage	after	minimum/optimum	dosage	of	PAC,	which	is	100
ppm	for	most	dyes	reported.	Venkatadri,	R.,	Peters,	R.V.,	1993.	In:	One	day	National	Workshop	at	CETP-Hyderabad,	viewed	28	May	2013,	e51431/e51468/SajidHussain.pdf.	Membrane	Separation	Technology:	Principles	and	Applications.	treated.	In	the	case	of	the	combined	process	of	US	and	O3,	a	gas	sparger	is	needed	for	the	uniform	distribution	of
ozone	gas	inside	the	US	reactor.	Shen,	Y.F.,	Tang,	J.,	Nie,	Z.H.,	Wang,	Y.D.,	Renc,	Y.,	Zuo,	L.,	2009.	Development	of	newer	cavitation	devices	and	processes	for	effluent	treatment.	Degradation	of	Reactive	Red	120	dye	using	hydrodynamic	cavitation.	1.5.2.2	Global	Scenario	The	dyestuff	industry	is	one	of	the	larger	polluting	industries,	which	has	led	to
the	closing	down	or	shifting	of	units	to	emerging	economies.	Academic	Press,	San	Diego,	CA,	USA.	Curr.	Gogate,	P.R.,	Mujumdar,	S.,	Pandit,	A.B.,	2003.	To	quantify	this	dependency,	two	parameters	need	to	be	considered	in	the	analysis:	(a)	parameter	a,	which	is	defined	as	the	ratio	of	the	throat	perimeter	to	the	throat	area	and	(b)	b,	which	is	the	ratio
of	the	throat	area	to	the	cross-sectional	area	of	the	pipe.	Most	conventional	treatment	processes	are	designed	for	specific	flow	rates	and	are	not	flexible	to	meet	the	changing	needs	of	industry.	Rodriguez,	M.L.,	Timokhin,	V.I.,	Contreras,	S.,	Chamarro,	E.,	Esplugas,	S.,	2003.	Ahsan,	S.,	Kaneco,	S.,	Ohta,	K.,	Mizuno,	T.,	Kani,	K.,	2001.	In	the	wastewater
treatment	area,	there	is	huge	opportunity	for	process	intensification/integration	along	with	individual	process/material	modifications.	The	similarity	between	the	mechanism	of	destruction	in	the	case	of	different	advanced	oxidation	techniques	and	some	of	the	common	optimum	operating	conditions	point	toward	the	synergism	between	these	methods
and	the	fact	that	combinations	of	these	AOPs	should	give	better	results	as	compared	to	individual	techniques.	Often	biological	methods	are	preferred	when	metals	are	present	in	trace	amounts	because	higher	metal	concentrations	may	prove	toxic	for	microbes.	The	origin	of	water	scarcity	can	be	natural	in	some	regions	because	of	reduced	rainfall	or
climate	changes.	Process	development	for	continuous	cleaning	of	the	catalyst	surface	during	photocatalytic	operation	is	necessary	for	the	successful	172	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	implementation	of	a	photocatalyst	on	an	industrial	scale.	3.5.3	Cavitation	Coupled	with	Photocatalysis	In	the	case	of	photocatalytic	oxidation,
the	most	common	problem	is	the	reduced	efficiency	of	a	photocatalyst	with	continuous	operation,	possibly	due	to	the	adsorption	of	contaminants	at	the	surface	and	the	blocking	of	the	UV	activated	sites,	which	makes	them	unavailable	for	the	process	of	destruction.	Pant,	D.,	Adholeya,	A.,	2007.	Some	aspects	of	these	advanced	tools	are	covered	in	this
book.	Thus,	these	compounds	are	more	readily	subjected	to	the	•OH	radical	attack	and	also	to	thermal	decomposition.	Phenolic	Wastewater	Treatment:	Development	and	Applications	of	New	Adsorbent	Materials	323	Laxmi	Gayatri	Sorokhaibam,	M.	If	a	sufficiently	large	negative	pressure	is	applied	to	the	liquid,	such	that	the	average	distance	between
the	molecules	exceeds	the	critical	molecular	distance	necessary	to	hold	the	liquid	intact,	the	liquid	will	break	down	and	voids	or	cavities	will	be	created.	Bashir,	T.A.,	Soni,	A.G.,	Mahulkar,	A.V.,	Pandit,	A.B.,	2011.	It	is	to	be	emphasized	that	the	adverse	effects	can	be	practically	eliminated	if	the	wastewaters	are	accurately	characterized	as	discussed	in
the	earlier	sections	and	suitably	treated	(for	augmentation	of	N,	P,	and	K	as	well	as	for	removal	of	heavy	metals	and	other	harmful	pollutants)	before	considering	its	use	for	agricultural	purposes.	Waste	Hazard.	Biotechnol.	Selection	of	the	resin	is	generally	made	on	the	basis	of	functionality	and	the	capacity	of	the	resin	along	with	porosity
considerations.	These	have	a	very	large	surface	area	and	defined	pore	structure	for	better	performance	and	regenerability.	–	Space	for	treatment	is	another	major	bottleneck.	The	efficacy	of	these	processes	depends	strongly	on	the	rate	of	generation	of	free	radicals	along	with	the	extent	of	contact	of	the	generated	radicals	and/or	chemical	oxidants
with	the	contaminant	molecules.	New	technologies	for	water	and	wastewater	treatment:	a	survey	of	recent	patents.	Separation	often	requires	the	most	effort	and	cost.	Separation	processes	for	recovery	of	valuable	chemicals	from	aqueous	effluents.	Wastewater	treatment:	a	novel	energy	efficient	hydrodynamic	cavitational	technique.	The	intensity	of
turbulence	has	a	profound	effect	on	the	cavitation	intensity	(Moholkar	and	Pandit,	1997).	3.2.1.2	Optimization	of	Operating	Parameters	for	Acoustic	Cavitation	3.2.1.2.1	Effect	of	Frequency	Higher	frequencies	of	sound	waves	are	suited	for	effective	destruction	of	pollutants	using	acoustic	cavitation	up	to	an	optimum	value	(Francony	and	Petrier,	1996;
Hua	and	Hoffmann,	1997;	Hung	and	Hoffmann,	1999;	Petrier	et	al.,	1996).	Ion	Exch.	3.4	PHOTOCATALYTIC	OXIDATION	Photocatalytic	or	photochemical	degradation	processes	are	gaining	importance	in	the	area	of	wastewater	treatment,	since	these	processes	result	in	complete	mineralization	with	an	operation	at	milder	temperature	and	pressure
conditions.	These	problems	associated	with	Fenton	process	makes	it	an	uneconomical	process	for	large-scale	operation.	•	The	growth	rates	for	the	different	bacteria	must	be	well	matched	(sludge	age).	•	Biological	treatment	is	unable	to	handle	organic	and	hydraulic	loads.	Being	a	small-scale	industry	has	its	own	limitations	by	having	its	own	research
and	development	for	in-house	operations	and	process	developments,	especially	for	wastewater	treatment.	This	eventually	effects	reduction	in	color,	turbidity,	and	COD	through	removal	of	pollutants.	Contact	stabilization	–	Biomass	adsorbs	organics	in	contact	basin	and	settles	out	in	the	secondary	clarifier;	the	thickened	sludge	is	aerated	before
returning	to	the	contact	basin.	As	compared	to	strong	base	ion	exchange	resins,	the	weak	base	resins	have	larger	sorption	capacity	and	are	easy	to	regenerate.	Tripp	Morris	Nalco	Company,	Naperville,	Illinois,	USA	S.	WO	2013054362	A2	20130418.	17–27.	Extraction	5.	The	size	of	the	colloidal	particles	is	approximately	0.001–1	mm,	representing	the
range	between	a	molecule	and	a	bacterium.	Effect	of	ultrasound	on	the	removal	of	copper	from	the	model	solutions	for	copper	electrolysis	process.	Uber	die	adsorption	in	losungen.	Lin,	F.,	Zhang,	Y.,	Wang,	L.,	Zhang,	Y.,	Wang,	D.,	Yang,	M.,	et	al.,	2012.	350,	333–339.	Pinjari,	Parag	R.	On	the	contrary,	for	larger	hole	sizes,	the	frequency	of	turbulence
(fT)	is	likely	to	be	much	lower	than	the	natural	oscillation	frequency	of	the	generated	cavity,	resulting	in	a	lower	cavity	collapse	intensity.	Ferrous	ion	is	oxidized	by	H2O2	to	ferric	ion,	a	hydroxyl	radical,	and	a	hydroxyl	anion.	10	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	1.1.3	Treatment,	Recycling,	and	Reuse	The	industrial	development
model	in	India	has	gone	through	major	revision	in	recent	years.	The	most	prominent	among	the	issues	include	the	cost	of	ion	exchange	that	linearly	scales	with	column	size	and	the	cost	and	difficulties	in	the	regeneration	of	materials.	Effective	as	pretreatment	to	a	biological	process.	Similarly	to	adsorption,	ion	exchange	is	also	often	a	diffusion-
controlled	process.	60,	235–266.	Lower	dependence	on	the	intensity	of	irradiation	is	usually	attributed	to	the	increased	contribution	of	the	recombination	reaction	between	the	generated	holes	and	electrons	when	their	density	is	high.	25	(3),	494–500.	Studies	in	effective	utilization	of	biomass.	According	to	recent	reports	(Corcoran	et	al.,	2010;	UN
Water,	2008),	it	is	believed	that	the	total	wastewater—combining	sewage,	industrial,	and	agricultural—discharged	globally	is	tens	of	millions	of	cubic	meters	per	day.	The	hydroxyl	radicals	will	degrade	organic	compounds	through	reaction	(3.17),	and	H2O2	can	also	react	with	Fe3+	via	reaction	(3.11).	167	(1–3),	1114–1118.	The	charges	can	be
positive	or	negative.	In	the	mining	industry,	treated	wastewaters	can	be	used	for	washing	ore.	In	general,	it	can	be	said	that	CO3		,	HCO3		(they	act	as	radical	scavengers	and	also	affect	the	adsorption	process),	and	Cl	(affects	the	adsorption	step	strongly	and	also	partly	absorbs	UV	light)	ions	have	strong	detrimental	effects	on	the	degradation
process,	whereas	other	anions	such	as	sulfate,	phosphate,	and	nitrate	affect	the	degradation	efficiency	only	marginally.	48,	3440.	Comp.	A	recent	survey	of	patents	has	placed	emphasis	on	the	development	of	sorption	and	ion	exchange	processes	(Berrin,	2008)	as	well	as	water	management	methods	that	can	make	use	of	the	above	information.	86
Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	In	general,	the	majority	of	the	processes	that	have	specific	interactions	playing	a	role	in	the	removal	of	pollutants	(such	as	coagulation,	adsorption,	ion	exchange,	electro-oxidation,	membrane	separations	with	ion	exchange	membranes)	belong	to	a	class	of	charge-based	separations	that
manipulate	electrostatic	interactions	with	the	pollutant	species	to	effect	removal.	A	near-zero	production	of	sludge	in	the	case	of	organic	94	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	100	60	40	0	Vat	brown	Ferrous	yellow	30	Sulfur	black	20	Reactive	blue	concentratio	500	300	200	150	100	50	20	n	(mg.L	–1)	80	Coagulant	%	Color
removal	coagulants	significantly	reduces	treatment	costs	with	significant	enhancement	in	coagulation	efficiency.	Designing	of	water	handling	systems	and	pipe	networks;	flow	distribution	2.	However,	in	any	case,	incineration	is	a	highly	energy	intensive	process,	and	the	requirement	for	proper	technology	to	treat	such	a	difficult	stream	is	also	a
challenging	task,	especially	if	the	pollutant	concentrations	and	economics	of	the	process	cannot	justify	the	size	of	the	incinerator.	1	(4),	850–857.	Chemical	precipitation	into	metal	hydroxide	also	has	its	own	limitation	because	an	excessive	acid	or	alkaline	condition	may	dissolve	the	hydroxides.	If	the	different	rate	steps	involved	in	adsorption	and	ion
exchange	are	to	be	compared	using	order-of-magnitude	analysis,	the	diffusion	step	is	the	slowest	step	in	the	overall	mechanism	(Figure	2.9).	The	cavity	inception	and	the	number	of	cavities	being	generated	depend	on	the	size	and	shape	of	the	constriction.	(IWMI	Research	Report	123).	Noble,	R.D.,	Stern,	S.A.,	1995.	Ease	of	handling.	Fındık,	S.,
Gu¨ndu¨z,	G.,	2007.	Use	of	easily	biodegradable	raw	materials,	fewer	refractory	pollutants	generated	for	simpler	treatments,	and	easy	recycling	and	reuse	can	be	potentially	attractive	options	from	a	cost-consideration	point	of	view.	Another	advantage	of	the	combined	process	of	cavitation	and	ozone	is	the	increased	mass	transfer	of	ozone	from	the
gas	phase	to	the	bulk	solution	to	react	with	a	substrate	because	of	the	turbulence	created	as	a	result	of	high	velocity	water	jet	formation	during	cavity	collapse	and/or	its	oscillation.	Studies	have	shown	that	electrocoagulation	using	an	Fe-Al	electrode	has	high	Ni	removal	efficiency	of	almost	98–99%	at	pH	3	and	7	respectively.	3.4.2.5	Medium	pH	The
pH	may	affect	the	surface	charge	on	the	photocatalyst	and	also	the	state	of	ionization	of	the	substrate	and	hence	its	adsorption.	Thus,	new	research	is	needed	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	Anaerobic	wastewater	treatment	Untreated	wastewater	Aerobic	wastewater	treatment	Primary	treatment	45	Biogas/
energy	Treated	wastewater	Solids	Solids	Anaerobic	wastewater	treatment	Biogas/	energy	Sludge	for	disposal	Figure	1.17	Combined	aerobic/anaerobic	process	for	wastewater	treatment.	As	far	as	the	global	water	scenario	is	concerned,	as	a	whole,	there	may	not	be	water	scarcity.	In	fact,	most	water-intensive	industries	are	in	reality	the	highest
contributors	to	industrial	wastewater	generation.	Cloete,	F.L.D.,	Marais,	A.P.,	1995.	1.8	COST	OF	WASTEWATER	TREATMENT	AND	POSSIBLE	VALUE	ADDITION	The	challenge	of	removal	or	recovery	of	materials	from	dilute	streams	is	unique	in	several	respects	and	is	expected	to	become	a	much	larger	problem	in	the	future.	Desalination	269,	214–
222.	Ahmaruzzaman	Department	of	Chemistry,	National	Institute	of	Technology,	Silchar,	India	G.	Thus,	if	industry’s	water	share	is	to	increase	from	the	present	6–7%	to	18%	in	2050,	it	will	be	largely	at	the	expense	of	agricultural	water	share,	which	is	80%	at	present,	in	general,	and	>90%	in	the	Indian	states	producing	water-intensive	crops.	•	As
many	suitable	organisms	as	possible	should	be	present	within	the	bulk	(bacterial	retention)	to	ensure	stable	biocenosis.	Thus,	the	following	points	highlight	the	need	for	and	the	extent	of	environmental	pollution	control	for	industrial	wastewater	treatment:	1.	–	Today	it	is	felt	that	95	industries	out	of	100	have	severe	space	limitations	for	expansion	of
wastewater	treatment	plants.	This	may	be	attributed	to	the	contribution	of	an	organic	coagulant	in	the	formulation.	When	flowing	liquid	passes	through	a	mechanical	constriction	(either	orifice	or	venturi;	Figure	3.2a),	its	velocity	increases,	accompanied	by	an	increase	in	the	kinetic	energy	and	a	corresponding	decrease	in	the	local	pressure	(Figure
3.2b).	Thus,	there	are	ample	possibilities	for	development	of	new/novel	materials	such	as	adsorbents,	resins,	membranes,	hybrid	membranes,	cavitation	devices,	and	nanomaterials	quite	apart	from	process	integration	options	for	encompassing	the	entire	spectrum	of	separation	science	and	technology	in	chemical	and	allied	industries.	2,	28–32.	The
recommended	temperatures	for	incineration	of	chlorinated	hydrocarbons	and	pesticides	range	from	980	to	1500		C.	Adsorption	and	ion	exchange	are	economically	feasible	processes	for	color	removal	in	dye	industry	effluents	and/or	decolorization	of	textile	effluents.	Bhatkhande,	D.S.,	Pangarkar,	V.G.,	Beenackers,	A.A.,	2002.	This	again	depends	on
several	operational	parameters	such	as	frequency	of	ultrasound,	irradiating	surface,	intensity	of	sound	waves,	calorimetric	efficiency	of	ultrasonic	equipment	(power	dissipated	into	the	system	per	unit	power	supplied),	physicochemical	properties	of	the	liquid	medium,	and	the	presence	of	air	and	solid	particles.	Further,	it	may	not	be	out	of	place	to
emphasize	proper	sample	collection	for	the	effluent.	In:	Proceedings	International	Solvent	Extraction	Conference,	1977,	vol.	McGraw-Hill	Co.,	New	York.	Precipitation	using	chemical	coagulants	used	to	be	a	widely	practiced	method	for	Ni	removal	as	well.	Adsorption	technology	using	nanoparticles	for	the	treatment	of	wastewaters	containing
inorganic	pollutants	such	as	metals,	Cd,	Co,	Cu,	and	others,	apart	from	the	removal	of	organic	pollutants	in	dyes	and	pesticides,	has	been	reviewed	by	Imran	(2012),	Ali	et	al.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	73	High	treatment	cost	Incineration	Treatment	cost	Wet	a	ir	oxida	t	More	specificity	ion	More	difficulty
Cav	itati	on	Mem	bran	es	Adso	rption	/ion	e	xchan	ge	Biolog	ical	tre	atmen	t	Coagulation	Effluent	volume	treated	Figure	1.23	Industrial	wastewater	treatment-cost	analysis.	The	biodegradability	of	the	cavitationally	pretreated	B-DWW	was	further	evaluated	by	subjecting	it	to	the	conventional	biological	treatment	process.	Accessed:	12	August	2013].
An	attempt	is	made	to	evolve	general	guidelines	that	will	be	useful	for	solving	practical	issues	in	industrial	wastewater	treatment,	recycling,	and	reuse.	The	difference	mainly	arises	from	the	fact	that	it	contains	nitrogen	with	lone	pair	of	electrons	(free	ionogenic	base	group)	that	can	accept	a	hydrogen	ion	to	get	ionized.	The	choice	of	a	suitable
adsorbent	is	highly	case	specific,	and	careful	identification/definition	of	the	problem	is	essential	for	devising	the	proper	solution.	Alternate	compression	and	rarefaction	cycles	of	the	sound	waves	result	in	various	phases	of	cavitation	such	as	generation	of	the	bubble/cavity,	growth	phase,	and	finally	the	collapse.	47,	2125–2133.	Rev.	In	India,	the
thermal	power	plant	sector	is	a	major	power-generating	source	and	accounts	for	65%	of	the	total	installed	power	capacity	as	per	2008	records.	On	the	basis	of	functionality,	the	ion	exchange	resins	are	classified	as	strong	acid	resins,	weak	acid	resins,	strong	base	resins,	and	weak	base	resins.	The	functional	groups	of	the	resin	are	located	on	the	walls
of	the	polymer;	this	is	schematically	shown	in	Figure	2.8,	along	with	a	listing	of	common	functional	groups.	By	the	use	of	a	cavitation	process	(either	US	or	HC),	ozone	decomposes	thermolytically	in	a	cavitation	bubble	and	yields	molecular	O2	and	atomic	oxygen	O(3P),	which	reacts	with	water	molecule	to	form	•OH	radicals.	Other	valuable
micronutrients	and	the	organic	matter	contained	in	the	effluent	would	also	provide	benefits	(Corcoran	et	al.,	2010).	36,	147–155.	Wastewater	production,	treatment	and	use	in	India,	viewed	28	May	2013,	www.ais.unwater.org/ais/pluginfile.php/./CountryReport_	India.pdf.	At	present,	the	approach	to	cavigulation	appears	to	be	rather	empirical,	where
coagulation	and	cavitation	in	combination	are	believed	to	offer	better	conditions	for	degradation	of	pollutant	species	through	physical	and	chemical	destruction.	Evaluation	of	Operation	and	Maintenance	of	Sewage	Treatment	Plants	in	India	2007,	Control	of	Urban	Pollution	Series:	CUPS/68/2007,	viewed	28	May	2013,	.	Such	technoeconomic
limitations	make	these	processes	unviable;	therefore,	new	techniques	that	can	overcome	these	techno-economic	limitations	need	to	be	developed.	The	efficacy	of	the	process	and	the	extent	of	synergism	depend	not	only	on	the	enhancement	in	the	number	of	free	radicals	but	also	on	the	alteration	of	reactor	conditions,	leading	to	a	better	contact	of	the
generated	free	radicals	with	the	pollutant	molecules	and	also	better	utilization	of	the	oxidants	and	catalytic	activity.	For	example,	Pophali	(2007)	has	used	CFD	models	to	develop	an	improved	clarifier.	Sumesh,	E.,	Bootharaju,	M.S.,	Anshup,	Pradeep,	T.,	2011.	How	to	develop	effective	coagulant	formulations	for	dye	wastewater	treatment?	The
pesticides	and	insecticides	that	find	their	way	into	natural	bodies	of	water	cause	eutrophication	and	perturbations	in	aquatic	life	and	pose	a	major	threat	to	the	surrounding	ecosystems,	mainly	due	to	the	documented	health	hazards	caused	by	toxicity	and	the	potentially	carcinogenic	nature	of	such	organic	pollutants.	Thus	dilution	is	again	Table	3.3
Effect	of	cavitation	pretreatment	on	biodegradability	index	of	biomethanated	distillery	wastewater	Time	BOD	BI:	BOD5/	COD	Reaction	Condition	(min)	COD	(mg/L)	(mg/L)	Pressure	¼	5	bar,	No	dilution	Pressure	¼	5	bar,	25%	dilution	Pressure	¼	13	bar,	No	dilution	Pressure	¼	13	bar,	25%	dilution	0	50	100	150	0	50	100	150	0	50	100	150	0	50	100	150
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0.29	0.29	0.13	0.32	0.32	0.32	184	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	not	aiding	in	BOD	enhancement	significantly.	An	attempt	is	made	to	provide	an	appropriate	blend	of	academic	research	and	industrial	information	that	is	required	for	translating	ideas	into	practice.	Heavy	metal	separation	by	using	surface	modified
nanofiltration	membrane.	•	The	scale-up	of	these	types	of	reactor	is	relatively	easy.	1,	17–26.	Xu,	R.,	Jiang,	R.,	Wang,	J.,	Liu,	B.,	Gao,	J.,	Wang,	B.,	Han,	G.,	Zhang,	X.,	2010.	Figure	3.14	Comparison	of	cavitational	yield	of	different	processes.	Waste	Manage.	Laddha,	S.S.,	Sharma,	M.M.,	1978.	Wastewater	treatment	has	remained	an	important	subject
for	several	decades	not	just	for	industrial	operations,	but	also	for	the	society	in	general.	No	part	of	this	publication	may	be	reproduced	or	transmitted	in	any	form	or	by	any	means,	electronic	or	mechanical,	including	photocopying,	recording,	or	any	information	storage	and	retrieval	system,	without	permission	in	writing	from	the	publisher.	4.1.1
Principal	Bottlenecks	of	Present	Wastewater	Treatment	Systems	Effective	management	of	wastewater	generated	from	chemical	production,	processing	of	textiles,	and	other	industrial	activities	is	becoming	a	serious	cause	for	concern.	The	electrochemical	oxidation	process	has	been	known	for	many	years	as	a	potential	technology	for	water	treatment
using	in	situ	generated	oxidants	such	as	chlorine	and	sodium	hypochlorite.	In	commercial	practice,	coagulation	and	flocculation	are	two	common	terminologies	that	are,	many	times,	interchanged	and	used	to	suggest	a	single	process.	This	will	result	in	higher	energy	delivery	to	the	system	and	a	higher	extent	of	transformational	efficiency.	Also,
continuous	operation	with	high	frequencies	at	a	larger	scale	of	operation	(and	hence	at	higher	power	dissipation	levels)	leads	to	an	erosion	of	the	transducer	surface	due	to	the	sudden	and	immediate	implosion	of	the	cavities	present	inside	the	reactor.	Anwar,	M.M.,	Arif,	A.S.,	Pritchard,	D.W.,	1995.	The	number	and	density	of	adsorption	sites,	the
strength	of	adsorption,	the	nature	of	the	adsorbing	species,	and	the	nature	of	the	adsorbent	material	are	important	parameters	that	dictate	not	just	the	overall	adsorption	process	but	also	the	regeneration	of	the	adsorbent	by	desorption	of	the	adsorbed	species.	It	is	also	believed	that	a	significant	portion	of	all	wastewater	in	developing	countries	is
discharged	untreated,	resulting	in	large	pollution	of	rivers	and	other	water	bodies,	consequently	endangering	living	species	including	any	surrounding	population	dependent	on	these	water	sources.	Rao,	M.G.,	Gupta,	A.K.,	1982b.	double-layer	suppression,	adsorption	and	charge	neutralization,	adsorption	and	intra-particle	bridging,	and	enmeshment
or	sweep	flocculation	(Tripathy	and	De,	2006).	It	is	to	be	noted	that	there	are	hundreds	of	resins	in	each	class,	and	selection	of	any	resin	for	specific	application	is	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	105	Schematic	representation	of	enlarged	pore	Advancement	through	material	modification	R	R	R
Functionality	R	R	R	Polymer	backbone	Charge	density	Polymer	matrix	Resin	type	R	/	functionality	O	S	Strong	acid	O	Sulfonic	acid	O	O	Weak	acid	C	O	Carboxylic	acid	R1	NÅ	R3	Quaternary	ammonium	Strong	base	R2	R1	Weak	base	N:	Amino	R2	Figure	2.8	Ion	exchange	resin:	enlarged	pore	and	functionality.	Large	quantity	of	sludge	generated	2.
Separation	of	close	boiling	substituted	phenols	by	dissociation	extraction.	Table	1.3	provides	a	format	for	identifying	the	main	elements	of	industrial	or	sewage	wastewater	that	would	be	most	useful	with	the	desired	limits,	which	are	set	differently	depending	on	place	of	discharge,	nature	of	the	industry,	and	government	regulations.	Saravanane
Environmental	Engineering	Laboratory,	Department	of	Civil	Engineering,	Pondicherry	Engineering	College,	Pondicherry,	India	A.	There	are	a	number	of	advantages	and	disadvantages	associated	with	each	of	these	processes	that	are	well	documented.	Although	the	percentage	reduction	is	marginally	higher	at	50%	dilution,	the	total	quantum
(milligram	of	COD/TOC	per	unit	volume)	of	COD	and	TOC	reduction	is	lower	at	25%	and	50%	dilution	as	compared	to	undiluted	wastewater.	28,	69–78.	Ali,	I.,	2012.	Most	of	the	liquid	properties	affect	cavitation	in	more	than	one	way.	3.5.2	Cavitation	Coupled	with	Ozone	Ozone	(O3)	has	an	excellent	potential	for	degrading	organic	pollutants	due	to	its
high	oxidation	potential	(2.08	V).	•	It	can	be	used	at	multiple	locations	in	the	existing	treatment	process,	i.e.,	before	and	after	the	biological	treatment	process.	Fenton-like	oxidation	of	Rhodamine	B	in	the	presence	of	two	types	of	iron	(II,	III)	oxide.	This	is	an	order	of	magnitude	less	than	the	chemical/petrochemical	industries.	Xu,	N.,	Shi,	Z.,	Fan,	Y.,
Dong,	J.,	Shi,	J.,	Hu,	M.Z.C.,	1999.	A	further	problem	is	the	fouling	of	the	catalyst	due	to	the	irreversible	adsorption	of	the	product	on	the	catalyst	surface.	64	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Figure	1.20	Wastewater	treatment	processes:	technology	maturity	analysis.	Maliyekkal,	S.M.,	Lisha,	K.P.,	Pradeep,	T.A.,	2010.	A	brief
review	of	industrial	wastewater	treatment	for	some	specific	industries	is	given	in	Table	1.5,	mainly	representing	textile	and	dye	industry	wastewater	treatment	(Amaravati	ETP-	Das,	www.fibre2fashion.com/industry-article/	3/215/textile-effluent-treatment-a-case-study-in-home-textile-zone1.asp;	Egypt	Textile	ETP-	Seif	and	Malak,	2001;	Cotton	Textile,
Mumbai-	Babu,	2008;	Dye	wastewater	for	recovery	of	salt-	CPCB	India,	2007;	Arulpuram	Table	1.5	Examples	of	Industrial	Wastewater	Treatment	Industry	or	type	of	industrial	Process	No	wastewater	1	Amaravati	Effluent	Primary	+	secondary	Treatment	Plant	2	Egypt	Textile	Treatment	(Seif	and	Malak,	2001)	Cotton	Textile	Industry,	Mumbai	(Babu,



2008)	Dye	Wastewater	Treatment	to	recover	water	and	Glauber	salt	(CPCB,	2007a)	Zero	Discharge	in	Arulpuram	Plant	(Hussain,	2012)	3	4	5	Screening	+	equalizing	+	mixing	+	flocculation	+	aeration	+	sludge	thickener	Primary	+	secondary	+	tertiary	Equalization	+	aeration	+	filtration	(carbon/sand	filter)	Primary	+	secondary	Stabilization	using
algae	+	aeration	+	biological	treatment	using	Escherichia	coli	Primary	+	tertiary	Primary	+	secondary	+	tertiary	Equalization	+	bio	oxidation	+	filtration	+	ultra	filtration	+	decolorization	+	softener	resin	+	RO	+	brine	treatment	+	multiple	evaporator	Quantity	of	effluent	to	Wastewater	content	be	treated	3	COD	BOD	TDS	Different	kinds	of	solid	and
liquid	waste	from	different	textile	plants	–	200	m	/day	Inlet	300–400	Outlet	140–250	%	Removal	38–54%	Inlet	100–150	Outlet	20–30	%	Removal	80%	Inlet	2500–3000	Outlet	1800–2100	%	Removal	30–40%	–	Inlet	475–1835	Outlet	35–45	%	Removal	95%	Inlet	295–1280	Outlet	25–30	%	Removal	91%	Inlet	650–1940	Outlet	550–1250	%	Removal	40%
Reactive	dye	+	alkali	2500	m3/day	Inlet	4992	Outlet	476	%	Removal	90%	Not	reported	–	500	m3/day	Inlet	9366	Outlet	81	%	Removal	99%	Inlet	1823	Outlet	30	%	Removal	98%	Inlet	17,000	Outlet	1426	%	Removal	92%	Dye	+	dissolved	salts	+	metals	+	alkali	Design	capacity:	5500	m3/	day	Inlet	Outlet	Inlet	Outlet	Inlet	Outlet	1000–1200	Below
detectable	level	%	Removal	100%	400–500	Below	detectable	Level	%	Removal	100%	Not	reported	6000–7000	282	%	Removal	95.30%	Table	1.5	Examples	of	Industrial	Wastewater	Treatment—cont'd	Industry	or	type	of	industrial	Process	No	wastewater	Quantity	of	effluent	to	Wastewater	content	be	treated	COD	BOD	TDS	6	Raymond	Zambaiti	Primary
+	secondary	Ltd.	Bhandari,	V.M.,	Sawarkar,	C.S.,	Juvekar,	V.A.,	1996.	Inorganic-organic	coagulant	formulations	are	therefore	considered	to	be	ideal	advanced	materials	in	coagulation	processes	that	allow	expanding	pH	range	coupled	with	lowered	dosage	to	bring	out	overall	improvement	in	process	efficiency	at	reduced	cost	as	compared	to	individual
coagulants	(Lee	et	al.,	2012).	A	major	advantage	of	the	photocatalytic	oxidation–based	processes	is	the	possibility	of	effectively	using	sunlight	or	near	UV	light	for	irradiation,	which	should	result	in	considerable	cost	savings,	especially	for	large-scale	operations	(Han	et	al.,	2012;	Konstantinou	and	Albanis,	2004).	Issues	pertaining	to	industrial	water
pollution	and	effluent	treatment	are	related	to	water	safety	and	security	as	well	and	impact	economic	and	social	growth.	The	chemicals	that	promote	the	process	of	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	87	coagulation	are	referred	to	as	coagulants,	while	those	specifically	promoting	the	flocculation	process	are
known	as	flocculants.	It	is	recommended	that	the	reactor	vessel	be	coated	with	an	acid-resistant	material,	because	the	Fenton	reagent	is	very	aggressive,	and	corrosion	can	be	a	serious	problem.	Flocculants	increase	the	efficiency	of	the	separation	process	through	improved	floc	quality,	which	increases	the	settling	of	flocs	and	thereby	better	removes
the	pollutants.	The	degradation	of	organic	pollutants	through	ozonation	takes	place	via	two	routes:	(1)	At	basic	pH,	ozone	rapidly	decomposes	to	yield	hydroxyl	and	other	radical	species	in	solution	which	oxidize	the	pollutants	and	(2)	under	acidic	conditions,	ozone	is	stable	and	can	react	directly	with	organic	substrates	as	an	electrophile.	In	a
conventional	clarifier,	the	incoming	wastewater	stream	at	the	top	creates	turbulence	in	the	clarification	zone.	Pinjari2,	Parag	R.	Newer	materials	in	the	form	of	carbon	nanotubes/nanofibers	are	also	commercially	available	as	adsorbents	and	can	find	increasing	use	in	this	area.	Advanced	oxidation	technologies	may	resolve	some	of	these	issues.
Auflage,	Ernst	&	Sohn,	A	Wiley	Company,	Berlin	1999,	144-146.	Alum	and	ferric	coagulants	are	among	the	least	expensive	materials,	although	dosage	requirements	would	be	high	compared	to	polymeric	coagulants,	and	ferric	coagulants	can	pose	corrosion	problems.	It	is	recommended	that	components	that	can	be	recovered,	such	as	solvents,	should
be	recovered	prior	to	treatment.	The	next	step	is	to	list	all	the	methods	that	are	technically	feasible	to	treat	the	effluent.	113,	170–183.	The	capacity	of	the	resin	from	the	specified	class	(usually	operating	capacity)	dictates	the	quantity	of	resin	required	and	cost,	while	the	rate	of	exchange	also	dictates	selection	of	suitable	resin	among	the	classes,	for
example	selecting	microporous	resin	versus	macroporous	resin	from	a	kinetics	point	of	view.	97,	1752–1755.	Decolorization	of	C.I.	Reactive	Red	2	by	catalytic	ozonation	processes.	Newer	developments	in	this	area	include	better	electrodes,	which	dictate	the	coagulation	process;	improvements	in	the	kinetics;	and	newer	electrochemical	reactor
configurations.	For	example,	the	nature	of	the	pollutants,	their	concentrations,	and	the	ratio	of	biological	oxygen	demand	(BOD)	to	COD	primarily	dictate	the	selection	strategy.	The	metals	are	removed	in	the	form	of	hydroxides	where	the	pH	of	the	medium	plays	an	important	role.	Martinez,	N.,	Fernandez,	J.,	Segura,	X.,	Ferrer,	A.,	2003.	•	The	C:N:P
ratio	required	for	the	growth	of	cell	substance	must	be	assured,	and	all	required	trace	elements	must	be	present.	Only	26%	of	domestic	and	60%	of	industrial	wastewaters	are	believed	to	be	treated	in	India	(Bhardwaj,	2005;	Grail,	2009;	Kaur	et	al.,	2012;	Kamyotra	and	Bhardwaj,	2011;	CPCB,	2005a,b;	CPCB	2007b,	www.ais.	Degradation	of	reactive
brilliant	red	in	aqueous	solution	by	ultrasonic	cavitation.	1.6	INDUSTRIAL	WASTEWATER	TREATMENT	PROCESS	ENGINEERING	Industrial	and	sewage	wastewater	treatment	essentially	falls	in	the	category	of	dilute	separations	wherein	ppm	concentrations	of	pollutants	are	involved.	John	Wiley	and	Sons,	New	York.	Neumann,	S.,	Fatula,	P.,	2009.	It
has	numerous	applications	in	the	area	of	wastewater	treatment	for	the	removal	of	pollutants.	UNEP	2007,	Global	Environment	Outlook	Geo4	environment	for	development,	viewed	28	May	2013,	.	(2013)	WO	2013054362	A2	20130418.	.	Sorption	of	dibasic	acids	on	weak	base	resins.	AOPs	are	generally	cost	intensive,	mainly	because	of	high	operating
cost.	Efforts	are	required	in	terms	of	new	designs	that	will	protect	the	catalyst	but	at	the	same	time	yield	enhanced	effects.	Imidacloprid	belongs	to	the	new	class	of	insecticide	called	neonicotinoid	and	has	high	activity	against	sucking	pests,	including	rice-hoppers,	aphids,	thrips,	and	white	flies.	Vecitis,	C.D.,	Lesko,	T.,	Colussi,	A.J.,	Hoffmann,	M.R.,
2010.	The	solution	pH	and	the	presence	of	ionic	species	can	alter	the	state	of	the	molecules	and	their	effect	depends	on	the	type	of	pollutant	present	in	the	solution.	•	The	equipment	used	for	generating	cavitation	is	simple.	An	appropriate	combination	of	treatment	methods	combined	with	process	integration	often	leads	to	effective	water	treatment
solutions	(not	just	meeting	the	regulatory	norms,	but	even	adding	to	the	profitability	of	the	overall	process).	Some	of	the	laboratory	equipment	used	for	carrying	out	photocatalytic	oxidation	is	shown	in	Figure	3.6.	3.4.2	Optimum	Operating	Conditions	3.4.2.1	Amount	of	Catalyst	An	optimum	catalyst	concentration	should	be	used	because	using	excess
catalyst	reduces	the	amount	of	photo-energy	being	transferred	in	the	medium	due	to	the	opacity	offered	by	the	catalyst	particles.	Therefore,	the	liquid	phase	physico-chemical	properties	should	be	adjusted	in	such	a	way	so	as	to	lower	the	cavitation	inception	threshold,	resulting	in	easy	generation	of	cavities	and	at	the	same	time	increasing	the
number	of	cavities	generated	with	lower	initial	size,	allowing	them	to	grow	and	collapse	more	violently.	(1969)	0.5–5%	Helsel	(1977)	97%.	Simulation,	Control,	and	Optimization	of	Water	Systems	in	Industrial	Plants	ix	463	Jijnasa	Panigrahi,	Sharad	C.	There	have	been	process	changes	in	the	industry	sector	to	minimize	wastewater	generation.
Application	of	the	coagulation	process	can	be	accomplished	in	such	cases	through	the	use	of	coagulant	formulations	that	yield	superior	performance.	Studies	in	coagulation	for	removal	of	colour	from	dye	wastewater.	The	coagulant	formulations	here	were	made	by	physical	blending	at	ambient	temperature,	one	of	the	most	popular	techniques	that
does	not	involve	any	new	chemical	bond	formation.	Adsorption	and	ion	exchange	are	defined	processes	for	specific	pollutants	and	are	required	to	achieve	the	desired	final	objectives	of	a	wastewater	treatment	process.	Report	DMCA	INDUSTRIAL	WASTEWATER	TREATMENT,	RECYCLING,	AND	REUSE	This	page	intentionally	left	blank	INDUSTRIAL
WASTEWATER	TREATMENT,	RECYCLING,	AND	REUSE	VIVEK	V.	In	addition	to	engineering	key	modifications	in	the	existing	process,	process	integration	is	an	interesting	and	fairly	wide	open	area	for	research	and	development	wherein	there	is	huge	opportunity	for	studying	intelligent	combinations	of	two	or	more	operations.	Khim.	Because	these
alter	the	entire	treatment	strategy,	the	process	of	selecting	appropriate	methods/materials	again	has	to	be	restarted	and	needs	iterations	until	the	most	effective	and	technoeconomically	feasible	solution	is	reached.	A	review	and	assessment	of	hydrodynamic	cavitation	as	a	technology	for	the	future.	198	Industrial	Wastewater	Treatment,	Recycling,
and	Reuse	Principal	advantages	of	Fenton	oxidation	are	the	following:	1.	Central	Pollution	Control	Board,	2005a.	The	secondary	treatment	includes	both	physico-chemical	and	biological	methods,	either	alone	or	in	combination.	25,	1522–1529.	It	is	well	known	that	under	acidic	conditions	some	ferrous	ions	would	exist	in	the	form	of	Fe(OH)2+,	which
can	easily	get	converted	into	•	OH	radicals	and	Fe2+	under	UV	irradiation	as	indicated	in	Equation	(3.42).	The	use	of	inorganic	coagulants	and	the	practice	of	coagulation	is	quite	straightforward	in	drinking	and	municipal	sewage	water	treatment.	These	AOPs	can	also	be	used	in	combinations	termed	as	hybrid	methods	such	as	Ultrasound	assisted
Fenton,	sonophotocatalytic,	Photo-Fenton,	and	ozone/hydrogen	peroxide	to	get	the	enhanced	oxidation	efficiency	and	overcome	the	limitations	and	difficulties	of	individual	AOPs	toward	some	specific	pollutants	(Adewuyi,	2005;	Gogate	and	Pandit,	2004b;	Pang	et	al.,	2011).	156	(1),	77–82.	Practitioners	and	researchers	must	always	rely	on	their	own
experience	and	knowledge	in	evaluating	and	using	any	information,	methods,	compounds,	or	experiments	described	herein.	1.	Adsorbents	that	contain	amino	nitrogen	tend	to	have	a	significantly	larger	adsorption	capacity	in	acid	dyes	(Zaharia	and	Suteu,	2012).	Pinjari	Chemical	Engineering	Department,	Institute	of	Chemical	Technology,	Mumbai,
India	Pavan	Raina	AMP	Technologies	(A	Division	of	Aquatech	Systems	Asia	Pvt.	(2012).	Reactants	are	added	in	the	following	sequence:	wastewater	followed	by	dilute	sulfuric	acid	(for	maintaining	acidic	conditions)	and	catalyst	in	acidic	solutions,	followed	by	base	or	acid	for	the	adjustment	of	pH	at	a	constant	value,	and	lastly,	H2O2	(must	be	added
slowly	with	proper	maintenance	of	temperature).	Yan,	Y.,	Thorpe,	R.B.,	1990.	Further,	new	emerging	technologies	such	as	membrane	separations	and	cavitation	will	have	to	compete	with	the	existing	established	processes,	especially	through	improved	process	efficiencies	and	economics.	Treatment	of	spentwash	using	chemically	modified	bagasse	and
colour	removal	studies.	A:	Chem.	Once	this	selection	is	done,	the	next	step	is	to	identify	suitable	methods,	materials,	and	processes,	followed	by	distributing	the	pollutant	removal	load	among	primary,	secondary,	and	tertiary	methods	of	treatment.	22,	411–420.	Chakinala,	A.G.,	Gogate,	P.R.,	Burgess,	A.E.,	Bremner,	D.H.,	2009.	Photocatalytic
degradation	of	azo	dye	acid	red	14	in	water:	investigation	of	the	effect	of	operational	parameters.	Important	parameters	that	decide	degradation	efficiency	and	the	overall	cavitational	yield	are	the	following:	•	Inlet	pressure	and	the	cavitation	number	•	Physicochemical	properties	of	the	liquid	and	the	initial	radius	of	the	nuclei	•	Size	and	shape	of	the
throat	and	divergent	section	(in	the	case	of	venturi)	•	Percentage	cross-sectional	free	area	offered	for	the	flow.	Developing	efficient	ways	to	regenerate	and	reuse	adsorbents.	Space–time	yields	(bioreactor	performances)	are	far	better	than	in	the	activated-sludge	process	because	of	the	limitations	imposed	by	oxygen	transfer.	This	page	intentionally
left	blank	CHAPTER	4	Advanced	Treatment	Technology	and	Strategy	for	Water	and	Wastewater	Management	Haresh	Bhuta	XH2O	Solutions	Pvt.	The	major	advantages	of	HC	are	the	following:	•	It	is	one	of	the	cheapest	and	most	energy-efficient	methods	of	generating	cavitation.	Sarioglu,	M.,	2005.	8	(3–4),	553–597.	Electroflocculation	without	the	use
of	chemical	coagulants	is	also	gaining	importance.	Zeolite	is	an	excellent	example	where	huge	benefits	have	been	obtained	through	material	modifications,	whereas	a	process	such	as	pressure-swing	adsorption	is	an	excellent	example	of	a	huge	transformation	in	separation	science	through	process	modification—in	both	cases,	a	number	of	commercial
processes	have	been	in	operation	in	chemical	and	allied	industries	in	today’s	world.	Process	design	aspects	of	dye	wastewater	treatment	involving	various	physico-chemical	methods	have	been	discussed	in	recent	literature	(Joo	et	al.,	2007;	Fung	et	al.,	2012).	Studies	in	adsorptive	separation	of	lactic	acid	using	conventional	and	modified	adsorbents.
High	selectivity	for	pollutants	to	be	removed.	A	significant	portion	of	the	pollutants	in	wastewaters,	therefore,	constitute	colloidal	matter	(up	to	70%	or	sometimes	even	more).	Thus,	the	process	requires	careful	selection	of	material	for	its	techno-economic	feasibility.	Decolorization	of	reactive	dyes	using	inorganic	coagulants	and	synthetic	polymer.
Jagirdar,	G.C.,	Sharma,	M.M.,	1980.	The	electrochemical	method	did	not	gain	much	importance	initially	because	of	the	extensive	capital	investment	and	expensive	electricity	requirement.	Thus,	the	effluent	would	supply	all	of	the	nitrogen	and	much	of	the	phosphorus	and	potassium	normally	required	for	agricultural	crop	production.	Some	designs
suggest	combination	of	anaerobic	+	aerobic	or	anaerobic	+	aerobic	+	anaerobic	for	further	improved	efficiency.	Other	sources	of	water	include	groundwater	(35%)	and	municipal	water	(24%)	(see	Figure	1.4).	Recovery	of	chemicals,	such	as	acids	2.	Membr.	Removal	of	Cr	(VI)	from	model	solutions	by	a	combined	electrocoagulation	sorption	process.
Dedicated	vertical	applications	based	on	CFD	simulations	for	water	treatment	are	being	developed	(see	for	example,	www.tridiagonal.	Zhonga,	Y.,	Jin,	X.,	Qiao,	R.,	Qi,	X.,	Zhuang,	Y.,	2009.	Dyes	such	as	sulfur	dyes	have	shown	over	a	100%	increase	in	the	5	years	from	2002	to	2007.	Chemical	oxidation	technologies:	ultraviolet	light/	hydrogen	peroxide,
Fenton’s	reagent	and	titanium	dioxide	assisted	photocatalysis.	Pandit	Chemical	Engineering	Department,	Institute	of	Chemical	Technology,	Mumbai,	India	Jijnasa	Panigrahi	Helium	Consulting	Private	Limited,	Pune,	India	xv	xvi	Contributors	Jyoti	Pawar	Bayer	Technology	Services,	Thane,	India	Dipak	V.	Oil	is	also	the	main	pollutant	in	the	wastewaters
of	the	vegetable	oil	and	starch	industries;	this	needs	to	be	removed	prior	to	biological	treatment.	Development	of	hybrid	technologies	where	controlling	parameters	common	to	two	or	more	processes	in	combination	are	still	not	clear	in	most	cases.	Electrochem.	Thiruvenkatachari,	R.,	Kwon,	T.O.,	Jun,	J.C.,	Balaji,	S.,	Matheswaran,	M.,	Moon,	S.,	2007.
The	cost	of	treating	wastewaters	is	also	quite	significant,	requiring	complex	design	and	operations	apart	from	maintenance.	Activated	carbons	can	be	a	very	good	adsorbent,	especially	for	adsorption	of	pollutants	from	pesticides,	herbicides,	aromatics,	chlorinated	aromatics,	phenolics,	chlorinated	solvents,	high-molecularweight	organics,	amines,
esters,	ethers,	alcohols,	surfactants,	and	soluble	organic	dyes,	practically	covering	majority	of	industrial	wastewater	treatment	requirements,	although	there	is	some	limitation	in	removal	for	low	molecular	weight	or	high	polarity	compounds	(Cecen,	2011).	Multiphase	Flow	16	(6),	1023–1045.	There	are	few	reports	available	on	the	applications	of	HC	to
degrade	pollutants	(Braeutigam	et	al.,	2009;	Bremner	et	al.,	2008;	Chakinala	et	al.,	2009;	Padoley	et	al.,	2012;	Patil	and	Gogate,	2012;	Pradhan	and	Gogate,	2010;	Saharan	et	al.,	2012;	Sivakumar	and	Pandit,	2002;	Wang	and	Zhang,	2009;	Wang	et	al.,	2011a,b).	The	central	part	is	surrounded	by	separation	from	all	the	sides.	A	process	like	pressure-
swing	adsorption	is	an	excellent	example	of	a	huge	transformation	in	separation	science	through	process	modification	wherein	adsorption	and	desorption	can	take	place	by	swinging	pressure	alone.	O	NH	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	179	2	mm	17	mm	6.4⬚	22.61⬚	10	mm	18	mm	67	mm	10	mm	1	mm
Figure	3.13	Schematic	of	cavitating	device	(circular	venturi).	Membrane	distillation.	While	pressure-swing	adsorption	is	established	in	gas	separations,	it	finds	little	or	no	applications	in	wastewater	treatment,	although	thermal	swing	operations	have	been	investigated	and	tried.	A	kinetic	study	on	the	degradation	of	p-nitroaniline	by	Fenton	oxidation
process.	22,	371–375.	If	recovery	is	important,	the	specific	methods	for	recovery	must	be	identified	and	prioritized.	Saharan,	V.K.,	Pandit,	A.B.,	SatishKumar,	P.S.,	Anandan,	S.,	2012.	The	workshop	brought	together	several	experts	on	industrial	wastewater	treatment,	recycling,	and	reuse	from	research	institutes,	academia,	and	industry.	For	some	of
the	pollutants,	which	are	weakly	acidic,	the	rate	of	photocatalytic	oxidation	increases	at	lower	pH	because	of	an	increase	in	the	extent	of	adsorption	of	the	pollutant	on	the	catalyst	surface	under	acidic	conditions	(Bhatkhande	et	al.,	2002).	Ricker,	N.L.,	Pittman,	E.F.,	King,	C.J.,	1980.	Jagirdar,	G.C.,	Sharma,	M.M.,	1981.	Because	there	are	strict
restrictions	on	the	levels	of	toxic	compounds	in	wastewaters,	destructive	methods	such	as	incineration	(thermal/catalytic)	are	then	found	as	the	only	techno-economically	feasible	technology.	Low	pH	is	unfavorable.	However,	a	little	higher	concentration	of	alum	(500	ppm)	changes	the	color	removal	behavior	drastically,	and	the	new	formulation	works
over	a	wider	pH	range	of	3–12	with	very	high	removal	efficiency	in	pH	3–7.	This	is	a	very	important	point	that	needs	to	be	considered	because	real-life	industrial	effluents	will	contain	different	types	of	salts	at	different	concentrations.	This	viewpoint	is	irrespective	of	the	economic	soundness	of	the	industry	or	current	sustainability	criteria.	The	major
factor	controlling	the	overall	efficiency	of	destruction	is,	however,	the	stability	of	the	photocatalyst	under	the	effect	of	cavitation.	However,	the	most	challenging	aspect	for	industrial	wastewater	treatment	in	the	future	will	be	process	integration,	which	can	bring	out	intelligent	combinations	of	different	physico-chemical	processes	as	well	as
physicochemical	processes	coupled	with	biological	processes.	This	is	because	none	of	these	parameters	is	independent.	164	(2–3),	1137–1145.	Cao,	Y.,	Yi,	L.,	Huang,	L.,	Hou,	Y.,	Lu,	Y.,	2006.	Adsorption	is	considered	today	as	one	of	the	most	important	and	crucial	operations	in	secondary	and	tertiary	wastewater	treatment	options,	especially	for	the
removal	of	refractory	pollutants.	UNDP	Human	Development	Report,	2006,	Beyond	scarcity:	Power,	poverty	and	the	global	water	crisis,	440	pp,	viewed	30	May	2013,	.	An	industry	would	choose	production	capacity	expansion	over	treatment	capacity.	Saharan	Chemical	Engineering	Department,	Malaviya	National	Institute	of	Technology,	Jaipur,	India
R.	For	adsorptive	wastewater	treatment,	thermal	regeneration	is	the	preferred	route.	–	Key	parameters	and	effect	analysis.	CFD	simulation	of	flow	in	vortex	diodes.	Although	there	has	not	been	much	progress	in	developing	new	separation	processes,	a	lot	of	new	process	schemes	are	being	developed	through	modification	of	existing	methods	and
intelligent	combinations	of	different	separation	methods	or	reaction	and	separation	methods.	Shrestha,	R.A.,	Pham,	T.D.,	Sillanpa¨a¨,	M.,	2009.	(Ed.),	Recent	Advances	in	Liquid–Liquid	Extraction.	Photo-Fenton	alone	and	HC	+	photo-Fenton	processes	were	employed	at	the	molar	ratio	of	imidacloprid:H2O2	as	1:40	and	a	molar	ratio	of	ferrous
sulfate:H2O2	as	1:40.	(2009).	Joglekar,	H.G.,	Rahman,	I.,	Babu,	S.,	Kulkarni,	B.D.,	Joshi,	A.,	2006.	The	maximum	extent	of	degradation	of	6.15%	was	obtained	with	a	reaction	rate	constant	of	180	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Table	3.1	Initial	rate	constants	and	extents	of	degradation	obtained	during	various	processes
Degradation	Synergetic	Rate	Coefficient	¼	k	Constant	(Combined	Process)/	(k)		103	%	Degradation	(Addition	of	k	for	Process	(min1)	After	15	min	Individual	Process)	HC	HC	+	H2O2	Fenton	Photo-Fenton	HC	+	Fenton	HC	+	photoFenton	Photocatalytic	HC	+	photocatalytic	2.565	81.815	66.71	99.372	250.749	297.012	6.15	74.00	64.43	81.60	97.77
99.23	–	22.79	–	1.4	3.6	2.9	4.871	6.837	7.5	11.7	–	0.91	2.565		103	min1	at	the	inlet	pressure	of	15	bar,	at	a	cavitation	number	of	0.067,	and	with	solution	pH	of	2.7.	The	results	obtained	are	attributed	to	the	fact	that,	at	higher	inlet	pressures	such	as	15	bar,	the	number	of	cavities	produced,	the	intensity	of	turbulence	created,	and	the	intensity	of	cavity
collapse	would	be	higher.	Since	a	priori	selection	of	coagulant	for	any	particular	wastewater	is	not	possible	on	the	basis	of	theoretical	analysis,	it	is	imperative	that	selection	be	made	using	an	empirical	approach	through	a	set	of	experiments	performed	on	various	coagulants	and	under	different	processing	conditions.	Recovery	and	separation	of
mixtures	of	organic	acids	from	dilute	aqueous	solutions.	Ultrasonic	degradation	at	20	and	500	kHz	of	atrazine	and	pentachlorophenol	in	aqueous	solutions:	preliminary	results.	Important	food	industries	include	brewery	and	beverages;	vegetable	oil–producing	industries;	the	dairy	industry,	producing	milk	and	milk	derivatives	such	as	cheese	and
butter;	the	starch	industry;	and	the	confectionary	industry.	Development	of	wastewater	treatment	applications	in	the	areas	of	electrochemical	and	nano	technology.	Bioeng.	In:	Proceedings	of	the	6th	IASME/WSEAS	International	Conference	on	Heat	Transfer,	Thermal	Engineering	and	Environment	(HTE’08),	Rhodes,	Greece,	August	20–22.	Key
aspects	of	advanced	oxidation	treatment	are	discussed	in	the	following	section.	166	(1),	407–414.	Joshi,	R.K.,	Gogate,	P.R.,	2012.	However,	high	chemical	dosages	are	usually	required,	and	large	volumes	of	sludge	must	be	disposed	of,	in	general,	for	inorganic	coagulants,	resulting	in	a	high	cost	for	sludge	disposal.	Fe2+	+	H2	O2	!•	OH	+	OH	+	Fe3+
(3.10)	Fe3+	+	H2	O2	!	Fe2+	+	H	+	+	HOO•	(3.11)	Fe3+	+	HOO•	!	Fe2+	+	H	+	+	O2	(3.12)	Fe2+	+	•	OH	!	Fe3+	+	OH	(3.13)	OH	+	H2	O2	!	H2	O	+	HOO•	(3.14)	Fe2+	+	HOO•	!	HOO	+	Fe3+	(3.15)	•	•	•	OH	+	•	OH	!	H2	O2	(3.16)	OH	+	organics	!	products	+	CO2	+	H2	O	(3.17)	The	rate	of	reaction	(3.10)	is	around	63	M1	s1,	while	the	rate	of
reaction	(3.11)	is	only	0.01–0.02	M1	s1	(Kang	et	al.,	2002;	Martinez	et	al.,	2003).	This	area,	however,	still	requires	a	lot	of	developmental	efforts	for	practical	industrial	wastewater	treatment	applications.	Turbulence	also	helps	in	cleaning	the	catalyst,	which	increases	the	efficiency	of	the	photocatalytic	oxidation	process.	As	a	result	of	cavity	collapse,
hot	spots	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	143	are	created,	where	the	temperature	and	pressure	can	reach	up	to	10,000	K	and	2000	atm;	high	velocity	water	jets	(100–300	m/s)	are	also	created	(Adewuyi,	2001;	Didenko	et	al.,	1999;	Pang	et	al.,	2011).	It	is	known	that	the	chemical	industry	is	a	scale-sensitive
industry,	and	its	profitability	increases	with	the	scale	of	operation.	amount	of	water	up	to	1000	m3	per	ton	of	product	and	is	one	of	the	most	water-intensive	in	the	industry	sector	(Chaphekar,	2013).	Ind.	Nearly	95%	of	the	organic	contamination	is	converted	into	a	combustible	gas.	Biological	treatment	of	anaerobic	type,	because	there	is	payback	in
the	form	of	energy,	substantially	reduces	the	overall	cost	of	operation.	Comparison	between	electrocoagulation	and	chemical	precipitation	for	metals	removal	from	acidic	soil	leachate.	Wang,	J.,	Yue,	Z.,	Economy,	J.,	2008.	Desulfurization	of	diesel	using	ion	exchanged	zeolites.	The	Fenton	process	can	be	used	for	both	destruction	of	COD	and	color
reduction.	152,	498–502.	Francony,	A.,	Petrier,	C.,	1996.	Degradation	of	reactive	brilliant	red	K-2BP	in	aqueous	solution	using	swirling	jet-induced	cavitation	combined	with	H2O2.	32	(5),	745–753.	The	degradation	of	imidacloprid	using	HC	can	be	further	increased	by	the	addition	of	H2O2,	and	about	74%	degradation	can	be	achieved	using	a
combination	of	HC	and	H2O2	at	a	much	faster	rate.	Wastewater	Engineering:	Treatment,	Disposal	and	Reuse,	third	ed.	•	The	optimal	environmental	conditions	(pH,	temperature)	for	biological	degradation	must	be	established.	2.3.4	Ion	Exchange	The	ion	exchange	process	is	mainly	used	to	separate	ionized	molecules	(organic	as	well	as	inorganic)
from	aqueous	solutions	as	well	as	contaminants	in	organic	streams.	There	is	an	urgent	need	for	a	technology/process	that	can	deliver	treatment	results	with	an	ultra	low	footprint.	The	process	is	more	complex	when	compared	to	conventional	chemical	process	and	is	still	not	widely	accepted	commercially.	However,	where	the	nature	of	the	pollutant	is
such	that	the	recovery	becomes	attractive	and	contributes	to	value	addition	to	the	existing	process,	the	objectives	need	to	be	modified	to	removal	and	recovery	of	the	pollutants	to	the	desired	levels.	British	Library	Cataloguing	in	Publication	Data	A	catalogue	record	for	this	book	is	available	from	the	British	Library	Library	of	Congress	Cataloging	in
Publication	Data	A	catalog	record	for	this	book	is	available	from	the	Library	of	Congress	ISBN:	978-0-08-099968-5	For	information	on	all	Butterworth-Heinemann	publications	visit	our	website	at	store.elsevier.com	Printed	and	bound	in	the	UK	14	15	16	17	10	9	8	7	6	5	4	3	2	1	CONTENTS	Preface	Contributors	xi	xv	1.	Zeolite	is	an	excellent	example
where	huge	benefits	can	be	obtained	through	material	modifications.	CHAPTER	3	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	Virendra	K.	If	the	wastewater	is	not	treated,	agricultural	output	could	be	lowered	if	it	is	used	for	irrigation.	It	has	raised	concerns	particularly	because	of	its	possible	impact	on	bee	populations
and	its	potential	harmful	effects	on	the	aquatic	environment.	Yan	and	Thorpe	(1990)	have	studied	the	effect	of	the	geometry	of	cavitating	devices	(orifice	plates)	on	the	inception	of	cavitation.	Ion	exchange	membranes	and	separation	processes	with	chemical	reactions.	During	the	passage	of	the	liquid	through	the	constriction,	boundary	layer
separation	occurs	and	a	substantial	amount	of	energy	is	lost	in	the	form	of	a	permanent	pressure	drop.	For	these	reasons,	many	times,	design	of	such	an	incinerator	facility	for	wastewater	treatment	is	highly	plant	specific	requiring	tailor-made	designs.	Most	of	the	dye	industries	are	concentrated	in	western	India,	and	over	80%	of	the	total	capacity
comes	from	the	state	of	Gujarat,	which	houses	about	750	units.	Recent	data,	shown	in	Figure	1.5	(CPCB,	2009–10;	Frost	and	Sullivan,	2011,	www.frost.com),	indicates	a	huge	gap	between	wastewater	generated	and	wastewater	treated,	highlighting	the	need	for	better	water	management.	Petrier,	C.,	David,	B.,	Laguian,	S.,	1996.	•	Independent	of	the
wastewater	composition,	wastewater	having	a	high	chemical	oxygen	demand	(COD)	can	be	treated	more	effectively	for	COD	reduction	or	pretreatment.	Figure	3.7	shows	the	schematic	of	a	laboratory-scale	setup	used	for	the	combined	process	of	cavitation	and	ozonation.	In:	American	Institute	of	Chemical	Engineers	Symposium,	Ser.	From	the
obtained	results,	it	can	be	inferred	that	lower	inlet	pressure	(5	bar)	is	suitable	for	a	reduction	in	toxicity	(COD/TOC	reduction),	whereas	for	enhanced	biodegradability	(higher	BI),	higher	inlet	pressure	operation	would	be	preferred.	Engineering	design	methods	for	cavitational	reactors	I:	sonochemical	reactors.	Advanced	Physico-chemical	Methods	of
Treatment	for	Industrial	Wastewaters	129	Figure	2.19	Examples	of	the	extent	of	color	removal	using	hydrodynamic	cavitation.	177	(1–3),	1031–1038.	Joshi	and	Gogate	(2012)	have	investigated	the	degradation	of	dichlorvos	using	a	combination	of	HC	and	the	Fenton	process	and	have	reported	that	the	rate	of	degradation	of	dichlorvos	increases
significantly	with	increasing	concentrations	of	Fe2+,	giving	a	maximum	degradation	of	91.5%	at	3:1	loading	of	FeSO4:H2O2.	Dyes	Pigments	73,	59–64.	60	(18),	5004.	To	resolve	such	issues,	there	is	a	need	to	change	the	entire	focus	in	such	a	way	that	water	recycling	and	reuse	is	an	integral	part	of	our	functioning	so	that	there	remains	no	scarcity	of
water	and	no	damage	to	the	environment,	and	the	environment	remains	safe	for	living	in.	While	processes	such	as	coagulation	and	adsorption	are	well	placed	in	the	overall	scheme	of	wastewater	treatment,	oxidation	and	cavitation	need	efforts	to	increase	their	commercialization	and	acceptance.	Often,	heavy	metals	are	removed	by	the	precipitation
method	(Lewis,	2010)	by	using	caustic	soda	or	lime	as	the	precipitating	reagent.	Mineralization	of	2,4	dichlorophenoxyacetic	acid	by	acoustic	or	hydrodynamic	cavitation	in	conjunction	with	the	advanced	Fenton	process.	In	the	process	of	anaerobic	methane	generation	in	the	wastewater	treatment,	at	least	three	groups	of	microorganisms	are	involved
in	the	degradation	of	complex	organic	molecules—acidogenic	bacteria,	acetogenic	bacteria,	and	methanogenic	bacteria.	Cost	calculations	in	most	wastewater	treatments	are	not	straightforward.	There	have	been	a	number	of	approaches	for	retention	and	recycling	of	the	biomass	that	serves	as	catalyst	for	different	steps	involved	in	the	anaerobic
process.	By-products	such	as	gypsum	salt,	iron	sludge,	spent	acid/dilute	acid	solutions	of	HCl	or	other	acids,	and	ammonia	solutions	can	be	recovered	and	can	be	value-addition	to	the	wastewater	treatment	process.	They	are	most	widely	used	for	adsorption	of	organic	pollutants,	metal	removal,	and	for	color	removal	applications.	Such	technologies
would	be	beneficial	to	the	environment,	but	also	needs	to	be	cost	effective.	In	2004,	the	production	share	of	the	United	States	and	Europe	was	reported	to	be	24%	and	22%	respectively.	These	limitations	are	(a)	a	high	energy/intensity	requirement	to	generate	O3,	(b)	pH	sensitivity,	and	(c)	selectivity	for	organic	substrates;	for	example,	O3
preferentially	reacts	with	alkenes	and	sites	with	high	electronic	density	(Pang	et	al.,	2011;	Weavers	et	al.,	1998).	For	example,	while	an	increase	in	the	surface	tension	of	the	liquid	increases	the	threshold	pressure	for	cavitation,	making	the	generation	of	cavities	more	difficult,	the	collapse	of	cavities	is	more	violent.	These	cavitation	bubbles	may	grow
in	size	until	the	maximum	negative	pressure	has	been	reached.	Low	capital	cost	3.	14	(5),	568–574.	Bhandari	14.1	Introduction	14.2	The	Past	14.3	The	Present	14.4	The	Future	References	Notations	Index	521	522	523	530	535	537	543	This	page	intentionally	left	blank	PREFACE	CSIR-National	Chemical	Laboratory	(NCL)	is	a	premier	research
laboratory	in	the	area	of	chemical	and	allied	sciences	in	India.	Tang,	W.Z.,	Huang,	C.P.,	1996.	Z.	Newer	methods	of	treatment	such	as	AOPs	and	cavitation	can	be	attractive	alternatives	in	such	cases.	The	Fenton	oxidation	process	follows	these	simple	steps:	Acidifying	the	wastewater	to	necessary/optimum	acidic	pH	Addition	of	ferrous	solution
Addition	of	hydrogen	peroxide	Reaction	with	effective	mixing	Neutralization	of	reacted	water	Sludge	removal.	Many	researchers	have	reported	that	ultrasonic	irradiation	processes	were	capable	of	degrading	various	recalcitrant	organic	compounds,	such	as	phenolic	compounds,	chloroaromatic	compounds,	aqueous	carbon	tetrachloride,	pesticides,
herbicides,	benzene	based	compounds,	polycyclic	aromatic	hydrocarbons,	and	organic	dyes.	15	(6),	981–987.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	135	Aguilar,	M.I.,	Saez,	J.,	Llorens,	M.,	Soler,	A.,	Ortuno,	J.F.,	2002.	New	methodologies	for	industrial	wastewater	treatment.	Anwar,	M.M.,	Cook,	S.T.M.,	Hanson,
C.,	Pratt,	M.W.T.,	1979.	The	human	factor,	however,	is	most	critical	in	aggravating	this	problem	by	wasting	water,	polluting	water	resources,	and/or	inappropriately	managing	water.	Wang,	Z.,	Xue,	M.,	Huang,	K.,	Liu,	Z.,	2011.	49,	95.	In	the	combined	process	of	HC	and	photocatalysis,	it	is	important	to	run	the	processes	of	HC	and	UV	light
simultaneously	rather	than	sequentially.	Chemical	Reviews	93	(1),	341–357.	The	book	deals	with	specific	aspects	in	developing	wastewater	treatment	methodologies	for	effective	separations	using	new/novel	adsorbents,	ion	xi	xii	Preface	exchange	processes,	coagulation/formulations,	membrane	separations,	cavitation,	and	biological	methods,	in
isolation	and	in	combination.	The	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	71	overall	economic	benefits	can	be	very	high	for	industry	as	well	as	for	society.	144	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.2.1	Acoustic	Cavitation	In	the	case	of	acoustic	cavitation,	also	termed	sonication	(US),	cavitation	is
produced	using	high-frequency	sound	waves,	usually	ultrasound,	with	frequencies	in	the	range	of	16	kHz	to	2	MHz	(Lorimer	and	Mason,	1987;	Suslick,	1990).	But	the	efficiency	of	H2O2	in	degrading	organic	pollutant	can	be	enhanced	significantly	if	used	in	combination	with	the	cavitation	process	because	of	the	formation	of	significant	quantum	of
•OH	radicals	as	a	result	of	dissociation	of	H2O2	under	cavitational	conditions	and	its	enhanced	microdiffusion	into	the	bulk	solution	due	to	cavitation.	Here,	anaerobic	treatment	is	done	first	in	view	of	the	high	organic	load,	and	then	the	aerobic	process	is	applied	to	meet	the	desired	effluent	standards.	Replace/substitute	for	hazardous	and	toxic
chemicals	in	reaction,	if	possible.	The	efficiency	of	the	combined	HC	and	H2O2	can	be	further	enhanced	by	the	addition	of	ferrous	ion	into	the	system,	making	it	more	energy	efficient.	Almost	all	the	water	used	in	industries	ends	up	as	industrial	wastewater.	Separation	of	carboxylic	acids	from	aqueous	solution	using	crosslinked	poly(4-vinylpyridine).
The	lowering	of	salts/recovery	of	salts	also	reduces	the	load	on	wastewater	treatment.	Operating	pH,	the	intensity	of	turbulence	existing	in	the	reactor,	state	(whether	molecular	or	ionic)	and	nature	(hydrophobic	or	hydrophilic)	of	the	pollutant,	and	sometimes	concentration	of	the	pollutant	and	composition	of	the	effluent	stream,	are	the	crucial	factors
to	be	analyzed	before	selecting	the	combination	of	ultrasound	with	H2O2	as	the	oxidation	treatment	scheme.	Some	of	the	pollutants,	although	not	in	colloidal	form,	can	also	behave	as	colloids.	A.	Babu,	B.V.,	2008.	124,	5010–5020.	The	area	of	the	throat	can	be	finalized	based	on	the	required	cavitation	number	for	the	desired	physicochemical
transformation	and	volume	of	the	effluent	to	be	treated.	3.4.2.2	Reactor	Designs	Usually	reactor	designs	should	be	such	that	uniform	irradiation	of	the	entire	catalyst	surface	is	achieved	at	the	incident	light	intensity.	Many	times,	capacity	up	to	80%	is	regenerated	as	a	compromise	between	regenerant	usage	and	capacity.	This	condition	would	enhance
the	concentration	of	•OH	radicals	and	their	effective	utilization,	which	subsequently	increases	the	degradation	of	imidacloprid.	Adsorption	on	the	surface.	Weavers,	L.,	Ling,	F.,	Hoffmann,	M.,	1998.	Sorption	of	citric	acid	from	aqueous	solutions	by	macroporous	resins	containing	a	tertiary	amine	equilibria.	Table	2.4	Industrial	effluent	treatment	using
cavitation	Initial	Ammoniacal	Nitrogen	Content,	ppm	Sample	Effluent	S1	S2	S3	S4	S5	S6	S7	Dyes	and	pigment	unit	Dyes	industry	Specialty	chemical	industry	Specialty	chemical	industry	Distillery	industry	Dyes	and	pigment	industry	Specialty	chemical	industry	%	Reduction	After	Cavitation	32.3	99	23.4	57.5	98	94	44	57	2050	1100	36.5	29	33	24	with
processes	such	as	coagulation,	adsorption,	ion	exchange,	and	oxidation/reaction	for	best	overall	results	on	effluent	treatment.	Effects	of	the	interaction	between	adsorbed	charged	groups.	Solvent	extraction	with	amines	for	recovery	of	acetic	acid	from	dilute	aqueous	industrial	streams.	A	practical	silver	nanoparticle-based	adsorbent	for	the	removal	of
Hg2+	from	water.	33	(7),	1735–1741.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	169	Similar	trends	have	been	reported	by	Saharan	et	al.	All	these	techniques	of	adsorption/ion	exchange/membrane	separation	along	with	newer	processes	such	as	cavitation	are	most	suitable	for	development	of	hybrid	systems	where
reaction-separation	occurs	(i)	in	one	step	or	(ii)	in	combination	with	two	or	more	separation	techniques.	For	industrial	wastewater	treatment,	the	ion	exchange	process	mostly	employs	synthetic	ion	exchange	resins	in	bead	form	(Figure	2.7).	At	present,	there	is	reasonably	good	understanding	of	the	following	aspects:	–	Fundamentals	of	adsorption	and
adsorption	processes	(forces	responsible	for	adsorption,	factors	favoring	adsorption,	adsorption	equilibria	and	kinetics,	temperature/pressure	dependence,	heat	of	adsorption,	molecular	simulation	pressure	drop,	cost)	–	Synthesis	and	characterization:	materials	and	methods	–	Regeneration:	chemicals	and	cost	–	Process	scheme:	fixed	bed/fluidized	bed
operation	–	Advantages	and	disadvantages	of	adsorption	separation	–	Selection	of	adsorbents	(listing	of	guidelines)	–	Economic	evaluations	and	comparison	with	other	competing	processes.	Photocatalytic	destruction	of	water	contaminants.	This	can	establish	a	cycle	of	reactions	generating	additional	hydroxyl	radicals	and	regenerating	catalyst	because
Fe2+	ions	are	restored.	A	common	method	of	disposal	requires	thickening	of	the	waste	sludge,	further	processing	by	anaerobic	or	aerobic	digestion,	and	dewatering	before	land	application	or	land	disposal.	For	selective	removal	of	heavy	metals,	newly	developed	chelating	resins	that	help	in	removal	of	these	toxic	metals	from	wastewaters	are	widely
used	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	109	(Neumann	and	Fatula,	2009).	Ma,	J.,	Song,	W.,	Chen,	C.,	Ma,	W.,	Zhao,	J.,	Tang,	Y.,	2005.	We	also	wish	to	thank	the	editorial	team	at	Elsevier	for	their	patience	and	understanding	during	the	long	process	of	developing	this	book.	However,	in	view	of	stringent
environmental	regulations	regarding	wastewater	discharge	and	drinking	water	standards,	the	electrochemical	method	for	wastewater	has	gained	importance	over	the	past	two	decades.	3.5.1	Cavitation	Coupled	with	H2O2	In	the	case	of	cavitation	(US/HC),	the	main	mechanism	for	the	destruction	of	organic	pollutant	is	the	reaction	of	•OH	radicals
with	the	pollutant	molecules.	138	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Langmuir,	I.,	1916.	It	is	typically	employed	as	a	primary	or	secondary	treatment	step,	depending	on	the	effluent’s	nature,	either	in	the	form	of	chemically	induced	coagulation	(conventional)	or	electric	charge	induced	coagulation	(electro-coagulation).
Investigation	on	the	sonocatalytic	degradation	of	parathion	in	the	presence	of	nanometer	rutile	titanium	dioxide	(TiO2)	catalyst.	The	Fenton	process	and	the	advanced	electrochemical	oxidation	process	are	at	the	foundation	of	advanced	oxidation	treatment	processes.	•	cavitation	H2	O2	!	•	OH	+	•	OH	(3.47)	Thus,	the	combination	of	cavitation	and
Fenton	process	accelerates	the	rate	of	generation	of	hydroxyl	radicals	and	the	degradation	of	organic	pollutants.	308,	191–197.	This	requires	accounting	for	various	mass	transfer	steps	and	evaluating	mass	transfer	coefficients	for	the	same.	Mungray,	A.A.,	Kulkarni,	S.V.,	Mungray,	A.K.,	2012.	Pressure	gauges	are	provided	to	measure	the	inlet
pressure	(P1)	and	fully	recovered	downstream	pressure	(P2).	As	new	research	and	experience	broaden	our	understanding,	changes	in	research	methods,	professional	practices,	or	medical	treatment	may	become	necessary.	3.	For	better	efficiency	or	higher	synergistic	effect,	these	processes	should	operate	simultaneously	rather	than	having	sequential
irradiation	of	ultrasound	followed	by	photocatalytic	oxidation.	61	(8),	2599–2608.	McGraw	Hill,	New	York.	Dyes	Pigments	49	(3),	145–153.	The	issues	pertaining	to	such	limitations	can	be	best	resolved	using	suitable	coagulant	96	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	formulation	strategy.	Textile	dyeing	wastewater	treatment.
Saharan1,	Dipak	V.	(Amarasinghe	et	al.,	2007),	the	present	industrial	water	consumption	accounts	for	6%,	which	will	increase	to	8.5%	in	2025	and	>10%	(18%)	in	2050.	Vortex	diodes	as	effluent	treatment	devices.	3.5.5	Cavitation	Coupled	with	Fenton	The	Fenton	process	utilizes	the	reactivity	of	•OH	radicals	generated	in	acidic	conditions	by	iron
catalyzed	decomposition	of	H2O2	(Equation	3.44)	for	the	degradation	of	organic	pollutants	(Masomboon	et	al.,	2009).	It	is	also	advisable	that	the	segregation	of	the	streams	be	done	in	accordance	with	the	nature	of	pollutants	and	priority	goals	such	that	recycling	and	reuse	of	the	water	is	facilitated.	34,	2464–2467.	A	critical	quantity	of	coagulant	is
needed	for	the	ions	from	these	salts	to	react	with	the	OH	or	bicarbonate	and	carbonate	ions	in	solution	to	produce	the	corresponding	insoluble	hydroxides	(Al(OH)3	or	Fe(OH)3),	which	then	precipitate.	It	is	at	this	point	that	methane	formation	can	commence,	and	the	reaction	of	hydrogen	with	carbon	dioxide	occurs	to	produce	methane.	High	capacity
so	that	quantity	of	adsorbent	required	is	less.	The	technical	challenges	for	wastewater	treatment	applications	include:	1.	Chapter	8	presents	the	philosophy	of	new	material	developments	(derived	Preface	xiii	from	biomass)	that	may	be	useful	for	industrial	wastewater	treatment,	in	general,	and	phenolic	wastewater	treatment,	in	particular,	with
elaborate	discussion	on	synthesis,	characterization,	and	application.	Heterogeneous	photocatalysis.	IWGEnv	Joint	Work	Session	on	Water	Statistics,	Vienna,	20–22	June	2005,	viewed	28	May	2013,	ENV/3b-Status_of_Wastewater_India.pdf	Bridgeman,	J.,	Jefferson,	B.,	Parsons,	S.A.,	2009.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An
Overview	187	Bashir,	T.A.,	Soni,	A.G.,	Mahulkar,	A.V.,	Pandit,	A.B.,	2011.	It	can	be	said	that	employing	a	much	cleaner	process	using	environmentally	friendly	reactions	and	separations	would	provide	a	much	simpler	and	cost-effective	option	in	environmental	pollution	control	rather	that	allowing	pollutants	to	get	discharged	into	the	water	pools/rivers
and	affect	people	and	the	environment,	the	cost	of	which	is	incalculable.	Sivakumar,	M.,	Tatake,	P.A.,	Pandit,	A.B.,	2002.	Sonochemical	reactors	for	waste	water	treatment:	comparison	using	formic	acid	degradation	as	a	model	reaction.	5.	Wastewater	treatment	technologies	commonly	practiced	in	major	steel	industries	in	India,	viewed	28	May	2013,
http://	www.kadinst.hku.hk/sdconf10/Papers_PDF/p537.pdf.	Chaphekar,	S.B.,	2013.	(2011)	for	the	degradation	of	reactive	red	120	while	using	the	combined	processes	of	HC	and	H2O2.	31	(8),	2237–2243.	The	backbone	can	be	made	of	polymers	such	as	polystyrene,	epoxy,	phenol-formaldehyde,	or	polyacrylate-polystyrene;	polyacrylates	are	most
widely	used	in	practice.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	5	Figure	1.3	Water	demand	worldwide.	The	CFD	driven	optimization	of	a	modified	venturi	for	cavitation	activity.	Engineering	design	methods	for	cavitation	reactors	II:	hydrodynamic	cavitation	reactors.	Although	these	operations	are	used	currently	in	the
industry,	there	are	a	number	of	limitations,	and	applications	in	most	cases	can	be	said	to	be	underdeveloped	in	terms	of	availability	of	suitable	material,	capacity,	selectivity,	chemical	and	thermal	stability,	effective	regeneration,	and	proper	understanding	of	the	phenomena.	Thus,	coagulation	as	a	whole	represents	a	physico-chemical	process	where
removal	of	colloidal	charged	matter	takes	place	through	charge	modification/charge	neutralization.	These	secondary	streams	have	to	be	disposed	of	using	appropriate	means.	If	the	throttling	is	sufficient	to	cause	the	pressure	around	the	point	of	vena	contracta	to	fall	below	the	threshold	pressure	for	cavitation	(usually	vapor	pressure	of	the	medium	at
the	operating	temperature),	cavities	are	generated	locally.	1.1.1	Overall	Water	Availability	Of	the	total	available	water	on	earth,	97.5%	is	salty	and	is	not	usable	as	such;	of	the	remaining	2.5%	of	fresh	water,	only	a	marginal	part,	1%,	is	available	for	human	consumption.	INCL:	210767000;	210416100.	Overall,	the	problem	in	definition	originates	at	the
reaction	step	and	is	most	critical:	a	core	issue.	Redlich,	O.,	Peterson,	D.L.,	1959.	The	technical	aspects	in	the	selection	of	specific	material	involve	dye/	adsorbent	interaction,	adsorbent	surface	area,	particle	size	(relevant	from	a	pressure	drop	point	of	view	in	plant	operation),	temperature	(if	thermal	regeneration	is	involved),	pH,	and	contact	time	(to
fix	cycle	time	for	process/regeneration).	Thus,	in	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	107	Figure	2.9	Ion	exchange:	depicting	mass	transfer	and	the	rate	controlling	step.	In	addition,	the	scavenging	of	the	hydroxyl	radicals	by	hydrogen	ions	becomes	important	at	a	very	low	pH	(Tang	and	Huang,	1996).	1.5.2.3
Dye	Wastewater	Treatment:	Overview	and	Recommendations	Typically,	the	dye	industry	handles	different	types	of	dyes,	most	prominent	of	which	are	acid	and	direct	dyes,	disperse	dyes,	sulfur	dyes,	reactive	dyes,	and	vat	dyes,	while	the	dye	intermediate	industry	produces	H-acid,	vinyl	sulfone,	and	gamma	acid	as	the	main	products.	Also,	the	use	of
equipment	based	on	multiple	frequencies/	multiple	transducers	(device	used	for	converting	the	supplied	electrical	energy	into	sound	energy	and	generating	ultrasound	with	frequency	in	the	range	of	16	kHz	to	2	MHz)	has	been	reported	to	be	more	beneficial	as	compared	to	the	equipment	based	on	a	single	frequency	(Gogate	and	Pandit,	2004a).	The
separation	operations	for	removal	and	recovery	of	high-value	materials	mainly	involve	adsorption,	ion	exchange,	and	membrane	separations	(UF/NF/RO).	Coleby,	J.,	1971.	org/pdf/SickWater_screen.pdf.	Some	of	these	aspects	have	already	been	discussed	in	Chapter	1.	Water	Sci.	In	the	last	few	years,	although	the	growth	of	dye	industry	has	been	6%
on	an	average,	production	of	some	of	the	dyes	such	as	acid	and	direct	dyes	and	reactive	and	vat	dyes	has	remained	nearly	constant.	–	Today’s	industries,	such	as	chemicals	and	pharmaceuticals,	produce	such	a	wide	variety	of	products	that	no	single	technology	can	meet	their	treatment	requirements.	The	Redlich-Peterson	model	is	a	three-parameter
isotherm	model	(Redlich	and	Peterson,	1959)	compromising	the	features	of	both	Langmuir	and	Freundlich.	183,	1–9.	A	substantial	synergetic	effect	was	observed	using	HC	+	Fenton	process,	since	the	value	of	the	reaction	rate	constant	of	2.565		103	min1	and	66.711		103	min1	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview
181	obtained	in	case	of	HC	alone	and	the	conventional	Fenton	process	(without	HC)	substantially	increased	to	250.749		103	min1	when	HC	was	combined	with	the	Fenton	process.	Some	recent	reports,	such	as	UN	Water,	2008	and	World	Water	Assessment	Programme,	2009,	also	suggest	that	nearly	80–90%	of	all	the	wastewater	in	developing
countries	is	discharged	directly	into	surface	water	bodies.	Ion	exchange	4.	Also,	after	the	oxidation	treatment,	the	solid	catalyst	needs	to	be	separated	from	the	liquid,	which	is	not	easy	considering	the	small	size	of	the	catalyst	particles	(usually	in	the	range	of	100–500	mm).	(IWMI	Research	Report	147),	viewed	28	May	2013,	PUB147/RR147.aspx.
Textile	Effluent	Treatment:	A	case	study	in	home	textile	zone,	viewed	29	May	2013,	.	The	solubility	of	Al(OH)3	or	Fe(OH)3	is	a	function	of	the	pH.	Wadekar,	V.V.,	Sharma,	M.M.,	1981a.	Figure	3.10	shows	the	schematic	of	an	experimental	setup	for	the	combined	processes	of	HC	and	photocatalyst.	Moholkar,	V.S.,	Pandit,	A.B.,	1997.	Due	to	the	toxic
nature	of	imidacloprid,	it	is	more	resistant	to	degradation	using	conventional	biological	processes	and	hence	requires	the	use	of	advanced	oxidation	methods	that	can	degrade/mineralize	the	imidacloprid	molecule.	19	(3),	532–539.	The	higher	concentration	of	•OH	radicals	means	higher	chances	of	pollutant	molecules	reacting	with	•OH	radicals	and
hence	a	higher	rate	of	mineralization	of	the	pollutant	molecules.	6	(1–2),	53–65.	Hu¨bner,	P.,	Kadlec,	V.,	Dukla,	C	AIChE	J.	Wastewater	streams	containing	low	concentrations	of	acids	are	inevitably	encountered	in	acid	manufacturing	plants,	industries	where	acids	are	used	as	raw	material	or	as	catalyst,	fermentation	processes,	the	metal	plating
industry,	and	others	(Table	2.3).	3.4.1	Reactor	Used	for	Photocatalytic	Oxidation	The	photocatalytic	process	can	be	carried	out	by	simply	using	slurry	of	the	fine	particles	of	the	solid	semiconductor	material	dispersed	in	the	liquid	phase	in	a	reactor	irradiated	with	UV	light	either	directly	or	indirectly.	Gogate,	P.R.,	Pandit,	A.B.,	2000a.	It	makes	sense	to
combine	inorganic	and	organic	coagulants	to	exploit	the	advantages	of	both	types.	In	addition	to	this,	H2O2	can	also	dissociate	into	more	reactive	•OH	radicals	in	the	presence	of	UV	light.	10016–5991.	M.	Chemical	modification	of	bagasse	and	mechanism	of	colour	removal.	39	(15),	5810–5815.	The	cationic	form	of	cadmium	ions,	Cd2+,	is	believed	to
be	linked	with	the	oxygen-containing	functional	groups	such	as	the	carboxylic	acid	group.	178	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.6	CASE	STUDIES	3.6.1	Intensification	of	Degradation	of	Imidacloprid	in	Aqueous	Solutions	using	Combination	of	HC	with	Various	AOPs	Pesticides	are	introduced	into	the	environment	mainly
through	industrial	effluents,	agricultural	runoff,	and	chemical	spills.	52,	1–17.	Gogate,	P.R.,	Pandit,	A.B.,	2000b.	In	our	opinion,	these	calculations	are	highly	case	and	process	specific	and	can	be	misleading	at	times,	with	severe	limitations	from	a	generalization	point	of	view.	The	next	section	here	deals	with	the	strategy	of	wastewater	treatment	and
management.	From	a	cost	point	of	view,	common	inorganic	coagulants	are	less	expensive,	while	organic	coagulants	are	relatively	expensive.	The	Freundlich	equation	(Freundlich,	1906)	is	an	empirical	equation	based	on	adsorption	on	heterogeneous	sites.	The	wastewater	volume	generated	in	the	beverage	industry	is	believed	to	be	10	m3	per	ton
product,	for	milk	and	the	dairy	industry	10-20	m3	wastewater	per	ton	of	product,	while	the	wastewater	volume	in	brewery	industry	such	as	beer	production	is	of	the	order	of	10–30	m3	water	per	ton	of	product	(Examples	of	food	processing	wastewater	treatment,	www.env.go.jp/earth/	coop/coop/document/male2_e/007.pdf).	Wiley,	viewed	28	May	2013,
http://	onlinelibrary.wiley.com/book/10.1002/9783527639441.	Chen,	Y.X.,	Zhong,	B.H.,	Fang,	W.M.,	2012.	Details	on	how	to	seek	permission,	further	information	about	the	Publisher’s	permissions	policies,	and	our	arrangement	with	organizations	such	as	the	Copyright	Clearance	Center	and	the	Copyright	Licensing	Agency,	can	be	found	at	our	website:
www.elsevier.com/permissions	This	book	and	the	individual	contributions	contained	in	it	are	protected	under	copyright	by	the	Publisher	(other	than	as	may	be	noted	herein).	Coagulation	has	been	effective	in	removing	color	especially	from	wastewaters	containing	dissolved	solids	and	charged	matters.	nic.in/stat0107.pdf.	The	organisms	involved	in
biological	wastewater	treatment	are	invisible	to	the	naked	eye.	This	is	demonstrated	in	Figure	2.6.	A	formulation	of	PAC,	alum,	and	poly	DADMAC	(100	ppm	inorganic	and	60	ppm	of	poly	DADMAC)	only	slightly	modifies	the	color	removal	behavior.	At	this	stage,	process	integration	options	should	also	be	considered.	24,	181–190.	Also,	parameter	a	can
be	increased	by	constructing	different	throat	shapes	such	as	rectangular	and	elliptical.	25	(10),	1273–1278.	34,	3675–3681.	Process	development	of	treatment	plants	for	dyeing	wastewater.	Cavitation.	Cost	and	energy-intensive	oxygen	transfer	is	avoided.	If	the	treated	waters	still	continue	to	have	odor	problems,	a	tertiary	treatment/polishing	is
essential.	Coagulation	refers	to	a	separation	process	based	on	charge	modification	where	part	or	full	reduction	of	repulsive	forces	on	colloids	takes	place	through	the	addition	of	specific	chemicals	referred	to	as	coagulants.	Kang,	J.W.,	Hoffmann,	M.R.,	1998.	Although	some	methods,	such	as	adsorption,	ion	exchange,	and	coagulation,	have	been
considered	relatively	matured	over	the	years,	they	will	still	continue	to	dominate	the	wastewater	treatment	mainly	through	improved	materials,	devices,	and	practices.	Multimedia	filtration,	coagulation,	and	UF	are	also	useful	for	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	59	the	removal	of	colloids	to	a	great	extent.	In:
Puzyn,	T.,	Mostragszlichtyng,	A.	124,	1–25.	Textile	Industry,	Kolhapur	(Desai	and	Kore,	2011)	Screening	+	equalizing	+	mixing	+	flocculation	+	aeration	+	sludge	thickener	+	FAB	I	+	FAB	II	+	settling	+	chlorination	+	sludge	thickener	Starch,	waxes,	dyes,	urea,	NaOH,	H2O2,	reducing	and	oxidizing	agents,	binders,	oils,	gums,	PVA,	fats	1214	Inlet
1422	Outlet	224	%	Removal	84.0%	Inlet	298	Outlet	36	%	Removal	88%	Inlet	2000	Outlet	1900	%	Removal	5%	7	Silk	and	dyeing	Mill	Primary	+	secondary	in	Shaoxing	Zhejiang	(China)	(Wang	et	al.,	2011)	Printing	and	Dyeing	Primary	+	secondary	Mill	in	Beijing	(Wang	et	al.,	2011)	Regulating	tank	+	reaction	tank	+	coagulation	+	tube	sedimentation
tank	+	effluent	tank	Reactive	dye,	direct	dye,	acid	dye,	sulfur	dye	500	t/d	Inlet	1114–1153	Outlet	613–680	%	Removal	55–59	Not	reported	Not	reported	Regulation	+	coagulation	+	sedimentation	+	floatation	+	filtration	Acid	dye,	dispersed	dye,	reactive	dye,	sulfur	dye	120	t/d	Inlet	228–353	Outlet	171–264	%	Removal	75%	Not	reported	Not	reported	8
62	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	plant	ETP-	Hussain,	2012;	Raymond	Textile	Kolhapur	ETP-	Desai	and	Kore,	2011;	Silk	and	Dyeing	Mill,	Shaoxing-	Wang	et	al.,	2011;	Printing	and	dyeing	mill,	Baijing-	Wang	et	al.,	2011).	The	wastewater	generated	from	a	distillery	unit	is	dark	brown	in	color	and	contains	very	high	biological
oxygen	demand	(BOD:	50,000–	60,000	ppm),	chemical	oxygen	demand	(COD:	110,000–190,000	ppm),	and	high	BOD/COD	ratio	in	the	range	of	0.3–0.6.	The	amount	of	inorganic	substances	such	as	nitrogen,	potassium,	phosphates,	calcium,	and	sulfates	is	also	very	high.	8.	141	142	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	In	the	last	two
decades	a	lot	of	research	work	has	been	carried	out	for	the	development	of	new	technologies,	especially	in	the	area	of	advanced	oxidation	processes	(AOPs)	for	the	degradation	of	complex	biorefractory	pollutants	for	complete	mineralization	or	as	a	pretreatment	(Babuponnusami	and	Muthukumar,	2012;	Gogate	and	Pandit,	2004a,b;	Kusvuran	and
Erbatur,	2004;	Pang	et	al.,	2011;	Thiruvenkatachari	et	al.,	2007).	Reactive	dyes	Acid	and	direct	dyes	Raw	material	T/T,	1.97	Raw	material	T/T,	1.5	Liquid	effluent	T/T,	30.9	Process	water	T/T,	33.8	Liquid	effluent	T/T,	14	Process	water	T/T,	16	Dyes	general	Pigment	Raw	material	T/T,	12.2	Raw	material	T/T,	5.7	Liquid	effluent	T/T,	23.6	Process	water
T/T,	44.2	Liquid	effluent	T/T,	26.5	Process	water	T/T,	32	Figure	1.18	Typical	water	and	wastewater	scenario	in	small	scale	dyes	industry.	(2002)	have	described	a	design	where	six	transducers	in	total	have	been	attached	on	the	opposite	faces	of	a	rectangular	cross-section	irradiating	25	and	40	kHz	either	individually	or	simultaneously.	It	can	also	be
conveniently	combined	130	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Effluent	before	treatment	Effluent	after	treatment	(lon	exchange	+	Cavitation)	Figure	2.20	Industrial	effluent	treatment	using	process	integration.	The	physicochemical	properties	of	this	waste	are	given	in	Table	3.2.	Table	3.2	Characteristics	of	complex	wastewater
(biomethanated	distillery	wastewater)	Parameters	Value	pH	Color	COD	(mg/L)	BOD	(mg/L)	TOC	(mg/L)	Total	solids	(mg/L)	Total	suspended	solids	(mg/L)	Biomass	(%)	BOD:COD	ratio	7.61	Brown	35,000	5000	10,000	31,000	1600	1	0.168	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	183	3.6.2.1	Treatment	of	B-DWW	Using
HC	The	B-DWW	was	subjected	to	HC	pretreatment	for	which	6	L	of	wastewater	was	taken	in	cavitation	reactor.	8,	501–551.	The	major	difficulty	is	regeneration	of	the	resin	for	the	ion	exchange	technique	and	pH	adjustment	in	case	of	coagulation	because	lead	hydroxide	is	only	moderately	soluble.	Bubble	behavior	in	hydrodynamic	cavitation:	effect	of
turbulence.	There	have	been	many	studies	depicting	the	observed	synergism	and	the	enhanced	rates	of	degradation	for	the	combinatorial	operation	of	sonochemical	reactors	and	photocatalytic	oxidation	(Adewuyi,	2005;	Cheng	et	al.,	2012;	Madhavan	et	al.,	2010;	Ragaini	et	al.,	2001;	Saien	et	al.,	2010).	3.3.2.3	Concentration	of	H2O2	The
concentration	of	H2O2	plays	a	more	crucial	role	in	deciding	the	overall	efficacy	of	the	degradation	process.	Phy.	TiO2-assisted	photocatalytic	degradation	of	azo	dyes	in	aqueous	solution:	kinetic	and	mechanistic	investigations:	a	review.	98,	2325–2331.	The	lower	limit	of	the	permissible	concentration	of	the	pollutant	is	usually	set	as	the	breakthrough
point,	and	the	column	is	switched	for	the	regeneration	cycle,	once	the	breakthrough	point	is	reached.	Hazard	Mater.	Characteristics	of	sewage	and	treatment	required,	viewed	09	May	2013,	.	20,	386–390.	iitm.ac.in/courses/105105048/M11_L14.pdf).	Fung,	K.Y.,	Lee,	C.M.,	Ng,	K.M.,	Wibowo,	C.,	Deng,	Z.,	Wei,	C.,	2012.	The	discharge	from	the	Fenton
reactor	is	fed	into	a	neutralizing	tank	for	adjusting	the	pH	of	the	stream	followed	by	a	flocculation	tank	and	a	solid-liquid	separation	tank	for	adjusting	the	TDS	content	of	the	effluent	stream.	Although	activated	carbon	is	widely	used	in	such	applications	for	its	techno-economical	feasibility,	other	low-cost	adsorbents	mainly	derived	132	Industrial
Wastewater	Treatment,	Recycling,	and	Reuse	from	biomass,	for	example,	modified	bagasse,	fly	ash,	clay,	rice	husk,	and	neem	leaf	powder,	are	also	used	for	such	applications	(Ahmaruzzaman	and	Gayatri,	2011;	Mane	et	al.,	2003,	2006).	In	adsorption/	charge	neutralization,	it	is	found	that	excessive	dosage	results	in	charge	reversal	and	a	negative
effect	on	process	performance.	In	the	reported	study,	all	the	experiments	were	performed	by	treating	5	L	aqueous	solution	of	imidacloprid	with	an	initial	concentration	of	25	ppm.	Asian	Water,	March	2009;	Pages	14–19.	142	(1–2),	308–314.	1,	23.	Multiple-acid	equilibria	in	adsorption	of	carboxylic	acids	from	dilute	aqueous	solution.	A	process
integration	approach	by	combining	various	conventional	as	well	as	newly	developed	technologies,	especially	nanotechnology,	can	help	substantially	in	pollution	control	and	recovery	of	metals,	quite	apart	from	bringing	down	the	cost	of	operation.	Sonochemistry	in	environmental	remediation	2.	76	(4),	363–370.	Biological	methods	involving	microbes
that	are	able	to	oxidize	soluble	Mn(II)	to	insoluble	MnO2	can	remove	up	to	95%.	Kang,	N.,	Lee,	D.S.,	Yoon,	J.,	2002.	However,	the	utility	of	the	vortex	diode	in	hydrodynamic	cavitation	appears	to	be	beyond	doubt	(Ranade	et	al.,	2013).	This	is	also	dependent	on	the	nature	of	the	contaminants	and	the	level	of	their	concentration	in	the	wastewaters.	13,
127–142.	Hydrodynamic	cavitation	is	therefore	perceived	to	be	an	energy	efficient	and	quite	effective	technology	for	wastewater	treatment,	especially	in	view	of	its	capability	to	degrade	refractory	pollutants.	Hence	optimum	loading	of	H2O2	should	be	used	for	better	efficiency	in	the	combined	process	of	cavitation	and	H2O2.	Incineration	design	is
usually	complex	and	involves	altogether	different	chemistry	and	engineering	when	compared	to	the	conventional	methods	of	treatment.	This	modification	has	been	mainly	carried	out	by	oxidative	methods,	producing	a	more	hydrophilic	structure	with	a	large	number	of	oxygen-containing	groups	(Rios	et	al.,	2003).	31	(8),	2050–2056.	However,	strict
effluent	treatment	and	environmental	norms	form	an	impending	bottleneck	for	the	growth	of	this	industry	sector.	Raut-Jadhav	et	al.	The	processes	involved	in	the	operation	of	a	wastewater	treatment	unit	consist	of	primary	treatment	(e.g.,	screening,	mixing,	flocculation,	sedimentation,	flotation,	and	filtration),	secondary	treatment	(e.g.,	aerobic,
anaerobic,	anoxic,	and	facultative	processes),	and	tertiary/advanced	treatment	(e.g.,	adsorption,	ion	exchange,	membrane	filtration,	disinfection,	and	oxidation	using	chemicals).	Membrane	separations,	though,	look	excellent	from	a	separation	point	of	view,	but	they	need	a	lot	of	effort	in	treatment	of	wastewaters	in	real-life	situations.	The	Langmuir
adsorption	isotherm	assumes	that	there	is	no	interaction	among	molecules	adsorbed	on	the	neighboring	adsorption	sites.	Ion	exchange,	in	its	conventional	form,	is	a	metathetical	process	where	stoichiometric	exchange	of	ions	takes	place.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	1	13	18	23	47	58	67	69	74	76	76	81
Vinay	M.	When	the	reaction	front	reaches	the	end	of	column,	the	pollutant	starts	appearing	in	the	exit	solution,	and	the	concentration	profile	in	the	effluent	takes	the	shape	of	a	breakthrough	curve.	Hydroxyl	radicals	generated	from	the	Fenton	process	are	the	most	powerful	radicals	that	unselectively	destroy	organic	compounds.	1.1.2	Industrial	Water
Usage	The	most	water-polluting	industries,	along	with	details	of	the	pollutants	they	produce/discharge,	have	to	be	managed	through	environmental	pollution	control	measures	listed	in	Table	1.2	and	shown	in	Figure	1.6.	These	industries	also	represent	industry	sectors	where	a	strategy	for	wastewater	treatment,	recycling,	and	reuse	is	most	crucial.	V3
154	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	first	optimized	in	terms	of	the	cavitational	intensity	required	for	the	desired	application.	Figure	3.1	gives	the	schematic	representation	of	the	most	commonly	used	equipment	for	acoustic	cavitation.	The	proper	dispersion	of	the	catalyst	in	the	liquid	phase	can	be	achieved	using	either
mechanical	or	magnetic	stirrers.	Freundlich,	H.M.F.,	1906.	Biochem.	Waste	recovery:	Removing	carboxylic	acids	from	aqueous	wastes.	This	is	especially	true	for	membrane	separations	since	membrane	fouling	problems,	temperature	stability,	chemical/mechanical	stability,	and	separation	characteristics	are	tested	in	real-world	systems,	where	most
failures	occur.	Hydrodynamic	cavitation	as	an	advanced	oxidation	technique	for	the	degradation	of	Acid	Red	88	dye.	3.2.2.1	HC	Reactor	Different	HC	setups	with	different	types	of	cavitating	device	have	been	used	such	as	the	single-hole	orifice	plate,	the	multiple-hole	orifice	plate,	the	circular	venturi,	and	the	slit	venturi.	Wang,	J.,	Ma,	T.,	Zhang,	Z.,
Zhang,	X.,	Jiang,	Y.,	Dong,	D.,	et	al.,	2006.	Kawabata,	N.,	Yoshida,	J.-I.,	Tanigawa,	Y.,	1981.	Bhandari	Pune,	March	2014.	3.7	SUMMARY	Different	AOPs	such	as	cavitation	(acoustic	and	hydrodynamic),	Fenton,	photocatalysis,	and	other	combined	processes	have	been	tested	on	the	laboratory	scale	and	proven	to	be	effective	in	degrading	various	organic
pollutants	that	are	biorefractory	in	nature.	Kagaku	Kogakkai	Shuki	Taikai	Kenkyu	Happyo	Koen	Yoshishu	32,	947.	Difficulty	of	hydrogen	peroxide	management	3.	It	is	based	on	a	uniform,	monolayer,	and	finite	adsorption	site.	Gaikar,	V.G.,	Mahapatra,	A.,	Sharma,	M.M.,	1989.	Usually,	this	is	handled	by	choosing	different	polymorphs	of	TiO2	(anatase,
which	is	photocatalytically	active,	and	rutile,	which	is	photocatalytically	inactive)	in	appropriate	proportions.	Aziz,	H.A.,	Adlan,	M.N.,	Zahari,	M.S.,	Alias,	S.,	2004.	46	(8),	1641–1649.	In	HC,	all	these	parameters	depend	on	the	geometry	of	the	cavitational	device	and	the	operating	parameters.	The	principle	of	the	Fenton	process	is	the	catalytic	cycle	of
the	reaction	between	iron	(catalyst)	and	hydrogen	peroxide	(oxidant)	to	produce	hydroxyl	radicals.	In	some	cases,	the	cost	of	effluent	treatment	could	be	so	prohibitive	that	the	sustainability	of	the	industry	itself	becomes	crucial.	This	is	conventionally	carried	out	using	“jar	tests”	(Figure	2.3).	Ranade,	V.V.,	Pandit,	A.B.,	Anil,	A.C.,	Sawant,	S.S.,
Ilangovan,	D.,	Madhan,	R.,	Pilarisetty,	V.K.,	2008.	The	main	toxic	effect	of	heavy	metals	can	adversely	affect	mental	and	learning	abilities	in	humans,	apart	from	creating	other	health	problems.	Removal	of	p-nitrophenol	using	hydrodynamic	cavitation	and	Fenton	chemistry	at	pilot	scale	operation.	This	has	resulted	in	a	very	large	number	of	industries
that	practically	faced	threats	of	closure	for	not	meeting	pollution	control	norms.	For	example,	for	established	water	treatment	using	ion	exchange	application,	cations	in	the	water	are	removed	by	cationic	resins,	and	anions	are	removed	by	anion	exchange	resins.	In	view	of	the	growing	concern	for	the	environment	and	increasingly	stricter	government
norms	worldwide,	it	has	become	necessary	for	industries	to	adopt	the	most	suitable	technologies	for	treating	their	wastewaters.	This	book	essentially	originated	from	the	Indus	Water	workshop.	Integrated	adsorption	and	biological	treatment	methods	can	provide	excellent	solutions	in	removing	BOD,	COD,	organics,	and	pharmaceutical	and	pesticide
pollutants	apart	from	inorganics	such	as	some	heavy	metals,	ammonia,	and	nitrates	(Ferhan,	2011).	The	depiction	of	case	study	related	to	the	degradation	of	imidacloprid	using	the	hybrid	methods	based	on	HC	proves	that	the	combination	of	different	AOPs	gives	higher	extents	of	degradation	per	unit	supplied	energy	as	compared	to	individual
methods.	Prog.	Suslick,	K.S.,	1990.	Higher	surface	tension,	lower	viscosity,	and	lower	vapor	pressure	favor	cavitation.	Hamadaoui,	Q.,	Naffrechoux,	E.,	2008.	It	is	a	well-known	phenomenon	that	H2O2	molecules	can	readily	dissociate	into	•OH	radicals	under	the	extreme	conditions	of	high	temperature	and	pressure	developed	as	a	result	of	cavity
collapse	(Abbasi	and	Asl,	2008;	Pang	et	al.,	2011).	Various	chalcogenides	(oxides	such	as	TiO2,	ZnO,	ZrO2,	and	CeO2,	or	sulfides	such	as	CdS	and	ZnS)	have	been	used	as	photocatalysts	so	far	in	different	studies	reported	in	the	literature	(Bhatkhande	et	al.,	2002).The	surface	area	and	the	number	of	active	sites	offered	by	the	catalyst	(thus	nature	of
the	catalyst,	i.e.,	crystalline	or	amorphous)	is	important	because	the	adsorption	of	pollutants	plays	an	important	role	in	deciding	the	overall	rates	of	degradation	(Xu	et	al.,	1999).	Highly	efficient	photocatalytic	oxidation	of	sulphur	containing	organic	compounds	and	dyes	on	TiO2	with	dual	co-catalysts	Pt	and	RuO2.	The	behavior	here	highlights	three
key	issues:	1.	•	Maintenance	of	such	reactors	is	negligible.	2.1.1	Selection	of	Method	If	the	problem	of	wastewater	treatment	is	well	defined,	the	selection	of	physico-chemical	or	biological	methods	can	be	straightforward.	AIChE	J.	C	¸	elik,	M.S.,	O	Removal	of	ammonia	by	natural	clay	minerals	using	fixed	and	fluidized	bed	column	reactors.	Saien,	J.,
Delavari,	H.,	Solymani,	A.R.,	2010.	Ion	exchange	provides	a	good	separation	technology	for	dilute	systems	requiring	less	frequent	regeneration.	75,	385–391.	India	is	projected	to	be	severely	water	stressed	by	the	year	2025	(Figure	1.1)	and	thus	needs	to	carefully	evaluate	water	management	options.	wt.,	non-ionic	Cationic	polyelectrolyte	Hybrid
Coagulants	Inorganic-Inorganic	Inorganic-Organic	Inorganic-Natural	polymers	Organic-Organic	Organic-Natural	polymers	Mol.	Gogate,	P.R.,	Pandit,	A.B.,	2004b.	Joo,	D.J.,	Shin,	W.S.,	Choi,	J.-H.,	Choi,	S.J.,	Kim,	M.-C.,	Han,	M.H.,	et	al.,	2007.	The	hydroxyl	radical	reacts	with	the	dissolved	constituents,	initiating	a	series	of	oxidation	reactions	until	the
constituents	are	completely	mineralized	to	CO2	and	H2O.	Broadly,	one	needs	to	evolve	the	following	options	for	accomplishing	enhanced	water	treatment	technologies:	1.	Experimental	quantification	of	chemical	effects	of	hydrodynamic	cavitation.	Monitoring	and	Evaluation	Division	Department	of	Chemicals	&	Petrochemicals	Ministry	of	Chemicals	&
Fertilizers	Government	of	India	New	Delhi,	Performance	of	Chemical	and	Petrochemical	Industry	at	a	glance-2001–2007,	viewed	23	May,	2013,	.	However,	factoring	cost	considerations	in	these	applications	should	essentially	consider	the	costs	associated	with	the	entire	removal	process	rather	than	the	cost	of	adsorbents	alone.	Bhandari	1.1	1.2	1.3	1.4
1.5	Water	Usage	in	Industry	Characterization	of	Industrial	Wastewater	Strategy	for	Wastewater	Management	Separation	Processes	and	Conventional	Methods	of	Wastewater	Treatment	Industry	Sectors	Where	Wastewater	Treatment,	Recycling,	and	Reuse	Can	Have	a	High	Impact	1.6	Industrial	Wastewater	Treatment	Process	Engineering	1.7
Advanced	Modeling	for	Water	Treatment	1.8	Cost	of	Wastewater	Treatment	and	Possible	Value	Addition	1.9	Summary	Acronyms	References	2.	43	(10),	2571–2578.	Overall,	coagulation	should	be	used	as	an	essential	step	in	effluent	treatment,	not	just	to	get	maximum	COD	removal,	but	also	to	reduce	the	overall	cost	of	industrial	wastewater	treatment,
because	it	has	limited	goals	and	affordable	cost.	Primary	treatment	(Basic	clean-up/physical	methods)	–	Filtration	(dual	media,	carbon,	sand	filters)	–	Screening,	grit	removal,	and	sedimentation	for	sludge/solid	removal	Secondary	(removes	85–95%	of	BOD/COD	and	TSS;	20–40%	P;	0–50%	N)	–	Neutralization/stabilization	–	Coagulation/clarification	–
Biological	treatment	(aerobic/anaerobic)	–	Physico-chemical	methods	–	Hybrid	separations	Tertiary/Polishing	treatment	(removes	>99%	of	pollutants)	–	Adsorption/ion	exchange/membranes	–	Hybrid	separations.	The	extent	of	dispersion	can	also	be	increased	by	ultrasonic	irradiation	of	the	slurry	at	a	low	frequency	(e.g.,	20	kHz)	using	an	ultrasonic
bath	for	approximately	10–15	min	(Mazzarino	and	Piccinini,	1999).	The	cavitation	number	is	given	by	the	following	equation:			p	p	(3.9)	C	V	¼	21	2	v	2	pv	0	where	p2	is	the	fully	recovered	downstream	pressure,	pv	is	the	vapor	pressure	of	the	liquid,	and	v0	is	the	velocity	at	the	throat	of	the	cavitating	constriction.	36,	2910–2919.	In	its	theme	of	recycle
and	reuse,	water	is	the	last	and	very	important	significant	component	that	can	be	recovered,	recycled,	and	reused	back	in	the	same	industry	or	elsewhere.	At	the	cathode,	water	cleavage	takes	place,	generating	hydroxyl	ions	that	help	in	precipitation	through	formation	of	hydroxides	in	solution.	Cheng,	Z.,	Quan,	X.,	Xiong,	Y.,	Yang,	L.,	Huang,	Y.,	2012.
In	view	of	the	discussion	as	above	on	various	separation	processes,	the	following	hybrid	processes	can	be	envisaged	in	combination	with	individual	processes:	•	Coagulation	+	–	Newer	formulations	combining	inorganic	and	organic	coagulants	for	improved	performance	–	Process	integration	with	other	technologies	such	as	coagulation	+	cavitation	¼
cavigulation	–	Hybrid	technologies	here	can	substantially	improve	the	secondary	treatment	step	•	Adsorption/Ion	Exchange	+	–	Newer	materials/nanomaterials	coupled	with	other	separation	processes	for	final	polishing	to	meet	statutory	requirements	–	Hybrid	technologies	here	can	substantially	improve	the	tertiary/	polishing	treatment	step	•
Membrane	+	–	Advanced	materials/membranes	including	high	temperature	ceramic	membranes	–	Can	be	combined	effectively	with	most	other	physico-chemical	methods	of	separation	–	Hybrid	technologies	here	are	being	increasingly	used	in	biological	effluent	treatment,	for	example,	MBR,	MMBR,	EMBR	•	Cavitation	+	–	New	devices	for	improved
performance	–	Can	be	combined	with	many	processes	such	as	coagulation,	oxidation,	and	others	–	Hybrid	technologies	here	can	be	applied	in	both	secondary	and	tertiary	treatment	steps	•	Biological	+	–	The	efficiency	of	the	biological	oxidation	techniques	is	often	hampered	by	the	presence	of	bio-refractory	materials,	whereas	AOPs	promise
degradation	of	almost	all	the	contaminants	–	A	hybrid	method	of	AOPs	to	reduce	the	toxicity	of	the	effluent	up	to	a	desired	level	followed	by	biological	oxidation	is	needed	for	the	future!	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	47	1.5	INDUSTRY	SECTORS	WHERE	WASTEWATER	TREATMENT,	RECYCLING,	AND	REUSE
CAN	HAVE	A	HIGH	IMPACT	The	theme	of	industrial	wastewater	treatment,	recycling,	and	reuse	is	relevant	for	all	chemical	and	allied	industries.	Synthesis	and	characterization	of	iron	oxide	nanoparticles	and	applications	in	the	removal	of	heavy	metals	from	industrial	wastewater.	As	mentioned	earlier,	India	generates	nearly	6.2	million	m3	of
industrial	wastewater	every	day,	which	requires	treatment	before	discharge	to	meet	environmental	norms.	Recently,	magnetic	metal	oxide	nanoparticles	such	as	g-Fe3O4	have	been	devised	for	removal	of	heavy	metals	like	Pb	with	maximum	removal	efficiency	at	pH	5.5	(Cheng	et	al.,	2012).	They	observed	that	for	a	given	size	orifice,	the	cavitation
inception	number	remains	constant	within	an	experimental	variation	narrow	bound	for	a	specified	liquid.	A	number	of	physico-chemical	methods—filtration,	coagulation,	adsorption,	and	biological	methods—	are	generally	employed	in	combination.	181	(2–3),	195–202.	In	such	a	case,	the	degradation	rates	will	be	higher	due	to	higher	overall	magnitude
of	the	pressure	energy	released.	Degradation	of	methyl	parathion	using	hydrodynamic	cavitation:	effect	of	operating	parameters	and	intensification	using	additives.	There	have	been	some	studies	proving	the	efficiency	of	electro-coagulation	for	heavy	metal	removal	from	wastewater	and	process	integration	using	adsorption	and	electro-coagulation	for
the	removal	of	Cr(VI)	of	the	order	of	97%	in	the	pH	range	of	3–6	(Ait	Ouaissa	et	al.,	2013).	Flow	in	Vortex	Diode.	1.5.1	Removal	of	Metals	The	toxic	and	recalcitrant	nature	or	difficulty	in	biodegradability	of	metals	necessitates	the	utmost	importance	for	their	removal	from	industrial	effluents.	Flocculation:	a	new	way	to	treat	the	waste	water.	The



material	in	this	book	has	been	arranged	in	four	areas,	encompassing	physico-chemical	methods	of	treatment	including	advanced	oxidation	processes	(Chapters	1–5);	biological	treatment,	adsorbents	derived	from	biomass,	and	advanced	membrane	separations	(Chapters	6–11);	process	simulations	for	water	optimization	(Chapter	12);	and	finally,	some
case	studies	on	zero	liquid	discharge	solutions	(Chapter	13)	and	some	comments	on	future	directions	in	this	area	(Chapter	14).	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	13	1.2	CHARACTERIZATION	OF	INDUSTRIAL	WASTEWATER	Characterization	of	wastewaters	is	the	first	step	in	the	process	of	finding	solutions	to	their
treatment,	recycling,	and	reuse.	It	can	also	result	in	a	reduced	odor	problem.	Typically,	5–10	recycles	are	adequate;	therefore,	the	cost	is	about	Rs.	5–10/m3	of	effluent.	Schlosser,	S.,	Kertesz,	R.,	Martak,	J.,	2005.	Typically,	for	PAC,	three	commercial	variations	are	available:	low	basicity,	medium	basicity,	and	high	basicity	based	on	Al/OH	ratio	(Gao	et
al.,	2005).	The	anaerobic	process	represents	true	waste	disposal	with	very	little	sludge	generated.	For	many	chemicals,	the	ideal	pH	for	the	Fenton	reaction	is	found	to	be	between	3	and	4,	and	the	optimum	catalyst	to	peroxide	ratio	is	usually	1:5	wt/wt.	Padoley	et	al.	Pergamon	Press,	Oxford.	Usually,	pore	diffusion	is	a	controlling	step	in	most
adsorption	processes.	190	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Saharan,	V.K.,	Badve,	M.P.,	Pandit,	A.B.,	2011.	It	is	reported	that	the	adsorption	capacity	of	carbon	per	cycle	usually	ranges	from	0.25	to	0.87	kg	COD	removed	per	kg	of	carbon	applied	(Guyer,	2011).	Toxicity	is	generally	expressed	as	toxicity	units	(TUs),	which	is	100
divided	by	the	toxicity	measured:	TU	¼	100/LC50	or	NOEL	(no-observed-effect	level)	14	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Table	1.3	Recommended	Format	for	Effluent	Characterization	Normal	Maximum	Parameter	reading	value	Desired	valuea	Wastewater	flow	rate	pH	of	wastewater	Color	of	wastewater	Odor	Density	Viscosity
Chemical	oxygen	demand,	COD	Biological	oxygen	demand,	BOD	Total	suspended	solids,	TSS	Total	dissolved	solids,	TDS	Ammoniacal	nitrogen/total	nitrogen	Total	phosphorus	Metals	present	(e.g.,	Cu,	Mn)	Total	inorganics	content	Specify	nature	of	components	Total	organics	content	Specify	nature	of	components	Oil	content	Toxic/nontoxic	Any	other
information	NA	Unit	Lph	6.5–8.5	No	noticeable	color	No	offensive	odor	1	@20		C	1	@20		C	20	bar	–	At	COD>	50	mg/L:	heat	recovery	from	enthalpy	of	oxidation	is	comparable	to	the	total	energy	requirement	of	the	process	•	Good	for	high	concentrations	of	contaminants/may	have	corrosion	issues.	Total	Cr	0.1–2	mg/L	for	fresh	water	Adsorption	is	a
widely	used	method	for	the	discharge,	hexavalent	Cr	0.1	mg/L	removal	of	toxic	hexavalent	Cr	from	aqueous	phase.	These	include	capital	costs,	operating	costs	for	conventional	operations	such	as	primary	treatment,	UF	systems,	and	RO.	Kumar,	A.,	Roy,	P.K.,	2008.	The	intended	users	of	this	book	are	chemical	and	environmental	engineers	working	in
chemical	and	petroleum	industries	and	industrial	R&D	laboratories	as	well	as	chemical	engineering	scientists/research	students	working	in	the	field	of	wastewater	treatment.	This	aspect	is	driving	research	in	the	area	of	ion	exchange	materials	derived	from	biomass,	such	as	chemical	modification	of	bagasse.	Gogate,	P.R.,	Pandit,	A.B.,	2005.	Juvekar
for	being	a	constant	source	of	inspiration	for	him	in	research.	Further,	a	number	of	separation	processes	compete	with	each	other,	and	outlet	water	characteristics	of	each	are	very	different.	The	pressure-velocity	relationship	of	the	flowing	fluid	as	explained	by	Bernoulli’s	equation	can	be	exploited	to	achieve	this	effect.	At	lower	pH	(pH	<	2.5),	the
formation	of	(Fe(II)	(H2O))2+	occurs,	which	reacts	more	slowly	with	H2O2	and,	therefore,	produces	lesser	quantum	of	hydroxyl	radicals,	thereby	reducing	the	degradation	efficiency.	Fe3	+	+	H2	O2	!	Fe		OOH2	+	+	H	+	cavitation	Fe		OOH2	+	!	Fe2	+	+	HO•2	(3.45)	(3.46)	2+	Generated	Fe	ions	can	again	react	with	H2O2	to	generate	even	more	OH
radicals.	Development	of	new	ion	exchange	materials/separations	with	better	selectivity	for	refractory	pollutants	and	improved	regeneration	characteristics	for	increased	profitability,	especially	in	the	removal	of	heavy	metals	and	valuable	chemicals.	Mafe´,	S.,	Manzanares,	J.A.,	Reiss,	H.,	1993.	Sonochemistry	part	1—the	physical	aspects.	For	better
efficiency	of	this	process,	the	recombination	of	the	free	radicals	and	scavenging	by	H2O2,	if	present	in	excess,	should	be	minimized.	Belsan	Nalco	Company,	Naperville,	Illinois,	USA	Vinay	M.	nic.in/upload/NewItems/NewItem_99_NewItem_99_5.pdf.	Extended	aeration	–	Long	detention	time	and	low	F/M	ratio	in	aerator	to	maintain	culture	in	the
endogenous	phase.	Biogas	as	a	byproduct	is	utilized	to	meet	the	energy	requirements.	In:	Hauser,	P.J.	(Ed.),	Advances	in	Treating	Textile	Effluent.	The	cavity	contains	gases	and	water	vapors	and	other	volatile	contents	that	dissociate	under	cavitating	conditions	according	to	the	reactions	such	as	cleavage	of	water	molecules	(into	H•	atoms	and	•OH
radicals)	and	dissolution	of	oxygen	molecules.	Cavigulation	is	a	process	that	combines	two	physico-chemical	operations,	namely	coagulation	and	cavitation.	12,	21–27.	It	assumes	that	stronger	binding	sites	are	occupied	first,	and	the	strength	of	adsorption	decreases	with	the	degree	of	occupation.	A	novel	method	treating	organic	wastewater:	air-
bubble	cavitation	passing	small	glass	balls.	AOPs	are	defined	as	processes	that	involve	the	generation	and	use	of	the	hydroxyl	radical	(•OH)	as	a	strong	oxidant	to	destroy	(oxidize)	compounds	that	cannot	be	oxidized	by	conventional	oxidants	such	as	gaseous	oxygen,	ozone,	and	chlorine.	Developing	newer,	efficient,	and	cost-effective	adsorbents	for
better	performance.	For	effective	coagulation,	coagulant	dosage,	pH	of	solution,	and	mixing	are	critical	process	parameters.	A	more	useful	comparison	of	different	processes	in	wastewater	treatment	has	been	reported	by	Casper	et	al.	For	example,	a	majority	of	the	international	producers	have	shifted	technology	to	developing	nations	such	as	China,
India,	Indonesia,	Korea,	Taiwan,	and	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	55	Thailand.	Ranade,	V.V.,	2002.	193	194	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	High	volume	of	wastewater.	The	following	are	the	possible	reactions	occurring	as	the	result	of	cavity	collapse	(Hamadaoui	and	Naffrechoux,
2008;	Pang	et	al.,	2011):	H2	O	+	ÞÞÞ	!	HO•	+	H•	O2	+	ÞÞÞ	!	2O	•	O•	+	H2	O	!	2HO•	•	•	HO	+	H	!	H2	O	•	•	(3.1)	(3.2)	(3.3)	(3.4)	2HO	!	O	+	H2	O	(3.5)	H•	+	O2	!	HOO•	(3.6)	2HO•	!	H2	O2	(3.7)	2HOO•	!	H2	O2	+	O2	(3.8)	Cavitation	is	classified	into	four	types	based	on	the	method	of	generation:	acoustic,	hydrodynamic,	optic,	and	particle.	Fluid
Mech.	At	higher	pressure	(13	bar),	the	ratio	is	enhanced	to	a	value	of	0.29	at	zero	dilution	and	to	0.32	at	a	spent	wash	concentration	of	25%.	137	(2),	972–980.	However,	it	should	be	understood	that	the	principal	process	is	coagulation,	and	flocculation	is	an	inherent	part	of	the	coagulation	process	as	a	whole.	One	such	scheme	is	schematically	shown
in	Figure	1.17.	Pre-oxidation	of	an	extremely	polluted	industrial	wastewater	by	the	Fenton’s	reagent.	148	(1–2),	172–177.	There	is	also	a	dedicated	Linkedin	group	on	applications	of	CFD	for	wastewater	applications	(www.linkedin.com/	groups/CFD-Wastewater-4664268/about).	Braeutigam,	P.,	Wu,	Z.L.,	Stark,	A.,	Ondruschka,	B.,	2009.	Education	for
water	conservation.	The	effect	of	various	process	parameters	such	as	inlet	pressure,	dilution,	and	reaction	time	on	reduction	of	COD/	TOC	and	enhancement	in	the	biodegradability	index	(BI:	BOD5:COD	ratio)	of	the	B-DWW	has	been	reported	with	an	aim	of	maximizing	the	biodegradability	index	and	achieving	lower	toxicity	of	the	distillery
wastewater.	Case	Study	of	a	zero	liquid	discharge	facility	in	textile	dyeing	effluents	at	Tirupur.	Decolourization	and	mineralization	of	commercial	reactive	dyes	by	using	homogeneous	and	heterogeneous	Fenton	and	UV/	Fenton	processes.	In	recent	years,	there	have	been	large	numbers	of	publications	on	using	CFD	models	for	variety	of	applications.
Seshagiri	Rao	Department	of	Chemical	Engineering,	National	Institute	of	Technology,	Warangal,	Andhra	Pradesh,	India	Sharad	C.	Proper	sampling	is	therefore	essential	for	accurate	identification	of	the	streams	containing	pollutants,	their	volumes,	and	the	differences	in	nature	of	effluent	streams.	The	flow	of	liquid	can	be	upflow	or	downflow,	and
well-established	principles	of	column	design	for	fixed-bed	operation	are	applicable.	Yawalkar,	A.A.,	Bhatkhande,	D.S.,	Pangarkar,	V.G.,	Beenackers,	A.A.C.M.,	2001.	The	expected	synergism	between	different	hybrid	methods	is	mainly	due	to	an	identical	controlling	reaction	mechanism,	i.e.,	the	free	radical	attack.	The	use	of	process	models	for
optimizing	water	usage	and	treatment	is	discussed	in	detail	in	Chapter	12	of	this	book.	In	the	case	of	the	orifice	plate,	because	of	the	sudden	pressure	drop,	cavities	are	forced	to	collapse	immediately	without	attaining	maximum	size,	which	results	in	a	reduced	cavitational	effect.	They	have	reported	that	significantly	higher	collapse	pressure	pulse	is
generated	at	the	end	of	the	cavitational	event	for	the	multiple-frequency	operation	as	compared	to	the	single-frequency	operation.	Hussain,	I.S.,	2012.	The	greater	the	concentration	of	pollutants	in	the	water,	the	more	effective	is	the	process	because	at	higher	concentrations,	more	particles	adhere	to	the	electrode	surface,	increasing	the
decomposition	quota	per	kilowatt-hour.	In	fact,	for	industry,	the	cost	of	water	has	risen	to	such	a	level	that	it	is	now	considered	the	same	as	for	any	other	raw	material	used	in	the	industry.	Ltd.,	Ahmedabad,	India	Udo	Birkenbeul	Waste	water	treatment,	Bayer	Technology	Services	GmbH,	Germany	Janardhan	Bornare	R.D.	Aga	Research,	Technology
and	Innovation	Centre,	Thermax	Ltd.,	Pune,	India	Nitin	Chandan	AMP	Technologies	(A	Division	of	Aquatech	Systems	Asia	Pvt.	CFD	models	essentially	use	mass,	momentum,	and	energy	conservation	equations	to	represent	real-life	processes	(see	Ranade,	2002,	for	a	comprehensive	discussion	on	computational	flow	models	and	their	applications).
Desalination	249,	832–836.	Conversely,	the	runoff	waters	from	agricultural	land,	which	may	contain	many	hazardous	chemicals	such	as	pesticides	and	fertilizers	used	in	crop	production,	can	also	pose	the	threat	of	surface	water	pollution.	For	cations	the	results	are	generally	contradictory,	more	on	the	negative	side	except	for	some	reports	of	marginal
enhancement	due	to	the	presence	of	Fe3+/Cu2+	ions	at	very	low	concentrations	(Wei	et	al.,	1990).	Zero	Liquid	Discharge	Solutions	489	Shrikant	Ahirrao	13.1	13.2	13.3	13.4	13.5	13.6	Introduction	Zero	Liquid	Discharge	Evaporation	Solids	Separation	Equipment	Case	Studies	Summary	14.	Filled	circle	symbols	indicate	status	where	the	application
requires	significant	efforts	to	make	it	commercially	attractive.	A	sustained	high	temperature	prevents	the	emission	of	degradation	products.	Further,	it	is	to	be	understood	that	100%	regeneration	is	practically	never	achieved	due	to	excessive	chemical	requirements.	Moreover,	nearly	complete	elimination	of	mass	transfer	resistances	is	another	point
that	needs	to	be	considered	while	designing	large-scale	reactors.	Efficient	reactor	design	must	allow	exposure	of	the	greatest	quantity	of	the	activated	catalyst	to	the	illuminated	surface	and	must	permit	a	high	density	of	active	catalyst	to	come	into	contact	with	the	liquid	to	be	treated	inside	the	reactor.	Dissociation	extraction.	The	progress	of	color
removal	with	time	using	cavitation	alone	is	shown	in	Figure	2.19.	40	(10),	3373–3377.	The	growth	of	anaerobic	microorganisms	is	a	function	of	numerous	factors,	including	residence	time,	temperature,	redox	potential,	pH,	and	nutrient	composition.	In	principle,	combining	successive	process	steps	can	certainly	cut	the	cost	and	improve	treated	water
quality.	It	is	reported	that	70%	of	dyestuff	gets	consumed	in	textiles	alone.	Ion	exchange	kinetics	of	the	protonation	of	weak	acid	ion	exchange	resins.	Development	of	an	emulsion	liquid	membrane	system	for	separation	of	acetic	acid	from	succinic	acid.	Water	use	in	Indian	industry	survey,	New	Delhi,	viewed	29	May	2013,	.	The	objective	in	developing
such	formulation	would	be	to	have	an	efficient	coagulation	process	operating	over	a	wide	pH	range	with	better	settling	properties	and	minimum	sludge	volume.	Apparatus	for	filtration	and	disinfection	of	seawater/ship’s	ballast	water	and	a	method	of	same.	The	above	results	are	highly	significant	because	the	wastewater	contains	solvents	such	as
nitrobenzene	and	amines	that	make	biological	treatment	difficult.	Zhejiang	Univ.	Hua,	I.,	Hoffmann,	M.R.,	1997.	The	application	of	such	advanced	computational	tools	with	the	creative	use	of	hybrid	treatment	technologies	has	the	potential	to	significantly	bring	down	treatment	cost	and	spatial	footprint.	•	Skilled	manpower	is	not	readily	available	to
handle	conventional	plants.	Copper	recovery	from	acidic	wastewater	by	ED.	Bhandari,	V.M.,	1998.	It	found	that	the	fertilizer	equivalent	along	with	wastewater	worth	Rs	1091.20	million	are	discharged	in	to	the	coastal	waters	from	coastal	cities	and	towns	annually	(CPCB,	2009–10b;	.	Mol.	Farooq,	R.,	Wanga,	Y.,	Lina,	F.,	Shaukatb,	S.F.,	Donaldsonc,	J.,
Chouhdary,	A.J.,	2002.	These	are	therefore	not	discussed	here.	Cavitation,	in	general,	is	a	low-cost	operation	both	in	terms	of	device	cost	and	cost	of	operation.	2.3.2	Equilibria	and	Kinetics	of	Adsorption	The	fundamental	principles	of	adsorption	are	well	known	and	have	been	well	reported	in	standard	textbooks	(Ruthven,	1984).	Separation	of	close
boiling	organic	acids/bases;	binary	and	ternary	systems;	substituted	anilines;	binary	systems	with	thermally	regenerative	extractants;	chlorophenols.	Bhardwaj,	R.M.,	2005.	Preliminary	treatment	for	the	removal	of	oils/solids	2.	Since	oxygen	is	not	used,	aerosol	formation	is	avoided	apart	from	stripping	out	the	volatile	components.	However,	the	longer
settling	time	of	the	flocs	and	turbidity	is	a	major	drawback.	The	number	and	diverse	nature	of	pollutants	in	wastewater	makes	the	task	of	selection	rather	difficult.	Ph.D.	Thesis,	Nagpur	University.	Novel	photocatalytic	mechanisms	for	CHCl3,	CHBr3,	and	CCl3CO2		degradation	and	the	fate	of	photogenerated	trihalomethyl	radicals	on	TiO2.	Removal	of
lead	from	wastewater	using	emulsion	liquid	membrane	technique.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	189	Lorimer,	J.P.,	Mason,	T.J.,	1987.	This	book	attempts	to	do	this	by	providing	information	on	existing	methods	and	technologies,	up-gradation	of	existing	technologies,	advent	of	newer	technologies,	and	focus
areas	for	further	developments.	Electro-coagulation,	although	conceptually	not	new,	gained	attention	in	recent	years	due	to	lower	costs	(mainly	through	reduced	power	consumption),	better	efficiencies,	and	compact	reactor	configurations.	55,	115–126.	The	bead	contains	a	large	network	of	pores,	similar	to	that	discussed	in	Section	2.3.1.	On	the	basis
of	pore	size,	the	resins	are	classified	as	microporous,	mesoporous,	or	macroporous.	these	processes,	it	can	be	safely	assumed	that	diffusion	is	the	rate-controlling	step.	Lin,	S.H.,	Lo,	C.C.,	1997.	Processes	such	as	membrane	separation,	oxidation,	and	coagulation	are	considered	technologically	mature	to	a	lesser	extent	and	require	further	development
in	terms	of	materials	for	increasing	their	use	in	the	industry.	Thus,	efficient	design	should	aim	at	maximizing	both	these	quantities.	HC	also	gives	higher	cavitational	yield	as	compared	to	acoustic	cavitation	and	is	more	energy	efficient	than	acoustic	cavitation.	The	wastewaters	can	be	further	divided	into	subclasses:	1.	It	should	be	pointed	out	that	in
the	ion	exchange	column,	the	resin	bed	is	normally	only	filled	up	to	50%	to	have	free	space	for	the	expansion	of	the	resin	bed	due	to	swelling.	Ranade,	V.V.,	Pandit,	A.B.,	Anil,	A.C.,	Sawant,	S.S.,	Ilangovan,	D.,	Madhan,	R.,	Pilarisetty	V.K.,	2006.	Dyes	and	dye	Intermediate	Sector,	Identification	of	Hazardous	Waste	Streams,	their	characterization	and
waste	reduction	options	in	Dyes	&	Dye	Intermediate	Sector,	viewed	28	May	2013,	editor_upload/files/IoHWS%20their%20Characterization%20and%20WRO%20in%	20D&DI%20Sector.pdf.	More	work	is	required	in	this	area	before	the	generalized	effect	of	cations	on	the	efficacy	of	photocatalytic	degradation	can	be	well	established.	2.2.4	Case	Study:
Dye	Wastewater	Treatment	The	use	of	coagulants	in	dye	wastewater	treatment	is	a	complex	problem,	and	no	general	solutions	are	yet	available.	The	principle	is	similar	to	chemical	coagulation,	except	that	in	place	of	chemicals,	here	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	93	the	aluminum	or	iron	anode	in	the
electrochemical	reactor	releases	requisite	Al3+	or	Fe2+cations	in	the	solution	upon	application	of	an	electric	field.	Recovery	of	carboxylic	acids,	C2-C6,	from	an	aqueous	waste	stream	using	tributylphosphate	(TBP):	Effect	of	presence	of	inorganic	acids	and	their	sodium	salts.	InTech,	Rijeka,	Croatia.	Wang,	X.,	Yao,	Z.,	Wang,	J.,	Guo,	W.,	Li,	G.,	2008.
Ultrasound	assisted	photocatalytic	degradation	of	diclofenac	in	an	aqueous	environment.	Organic	coagulants	or	polyelectrolytes	(also	often	referred	to	as	“polymers”	in	practice,	although	even	in	inorganic	coagulants	there	are	polymers	such	as	PAC,	polyaluminum	sulfate	(PAS)	with	varying	molecular	weight)	are	synthetic	or	organic	polymeric
molecules	having	ionizable	groups	or	charged	groups	along	a	polymer	chain.	Acta	Metall.	Wastewater	Engineering:	Treatment,	Disposal	and	Reuse,	fourth	ed.	The	Langmuir	constant,	aL	(mg	g1)	gives	the	theoretical	adsorption	capacity,	while	Ce	and	qe	have	their	usual	physical	meanings.	Because,	for	colloids,	surface	properties	dominate	and
prevent	particles	from	coming	together,	the	primary	objective	of	the	coagulation	process	is	to	alter	the	surface	properties	through	modification	of	charges	in	such	a	way	that	they	agglomerate	to	a	larger	size	and	are	separated	from	solution.	One	more	negative	effect	of	H2O2,	if	present	in	large	quantities,	is	that	it	acts	as	a	scavenger	for	the	generated
hydroxyl	radicals.	Rao,	M.G.,	Gupta,	A.K.,	1982a.	160	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.3.2	Optimum	Operating	Conditions	3.3.2.1	Operating	pH	The	pH	of	the	system	has	been	observed	to	significantly	affect	the	degradation	of	pollutants	and	the	optimum	pH	has	been	observed	to	be	about	3	in	the	majority	of	cases	(Tang	and
Huang,	1996;	Venkatadri	and	Peters,	1993;	Zhonga	et	al.,	2009);	thus	it	is	recommended	as	the	operating	pH.	16,	351–355.	Ranade	2.1	Introduction	2.2	Advanced	Coagulation	Processes	2.3	Advanced	Adsorption	and	Ion	Exchange	Processes	2.4	Other	Advanced	Physico-chemical	Methods	of	Treatment	2.5	Cavitation	2.6	Cost	Considerations	2.7
Summary	Nomenclature	References	3.	Removal	and	recovery	of	organic	pollutants	from	aquatic	environment.	80	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	UN	Water	2008,	Tackling	a	global	crisis:	International	Year	of	Sanitation	2008,	viewed	February	2010,	tackling_a_global_crisis.pdf.	Casper	C,	Deibele,	L,	Fathmann,	ATV-Handbuch
Industrieabwasser,	Grundlagen,	4.	–	Unfortunately,	treatment	technologies	designed	decades	ago	were	for	a	uniform	wastewater	stream	with	minimal	variations	in	its	composition.	95,	69–96.	However,	increased	awareness	of	the	cost	of	operations	has	made	use	of	the	anaerobic	process	more	attractive	in	recent	years.	Circular	Secondary	Clarifier	for
Wastewater	Treatment	and	an	Improved	Solids-Liquid	Separation	Process	Thereof.	Design	aspects	of	sonochemical	reactors:	techniques	for	understanding	cavitational	activity	distribution	and	effect	of	operating	parameters.	Bhandari,	V.M.,	Vaidya,	S.H.,	Bobade,	G.V.,	Ahmad,	T.,	2006.	Sonochemical	reactors:	important	design	and	scale	up
considerations	with	a	special	emphasis	on	heterogeneous	systems.	Water	Res.	CHAPTER	2	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	Vinay	M.	55	(9),	1633–1639.	J.	The	process	setup	is	expected	for	application	on	an	industrial	scale	because	the	pilot	plant	setup	can	effectively	treat	200	L/h	of	wastewater.
Photocatalytic	degradation	for	environmental	applications—a	review.	Mater.	Some	reports	have	presented	the	cost	of	wastewater	treatment	for	sewage	and	for	some	specific	industrial	wastewaters	such	as	dye	wastewaters.	Although	it	is	imperative	that	industry	is	needed	for	human	survival,	growth,	and	progress,	it	cannot	be	at	the	cost	of	human
security.	Prod.	Chemosphere	80	(7),	747–752.	Generally,	these	salts	are	in	ionized	or	dissociated	forms.	Developing	tailor-made	adsorbents	for	complex	systems,	especially	for	the	removal	of	refractory	pollutants.	It	has	been	reported	that	ozone	can	readily	be	decomposed	under	the	cavitational	conditions	of	high	temperature	and	pressure	generated
as	a	result	of	170	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	cavity	collapse	(Weavers	et	al.,	1998).	Saharan,	Dipak	V.	85	(2–3),	327–338.	Cavitationally	induced	biodegradability	enhancement	of	distillery	waste	water.	The	surface	chemical	modification	of	carbon	is	of	great	interest	in	order	to	produce	materials	with	specificity	and
essentially	control	the	type	of	pollutants	that	are	adsorbed.	The	adsorption	isotherms	can	be	classified	mainly	from	Type	I	to	Type	V,	depending	on	the	nature	of	sorption	curve	(IUPAC	recommendation).	It	can	be	said	that	the	use	of	H2O2	in	conjunction	with	ultrasound	is	beneficial	only	till	an	optimum	loading	of	H2O2	and	where	the	free	radical
attack	is	the	controlling	mechanism	of	destruction.	Also,	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	161	the	presence	of	H2O2	is	harmful	to	many	of	the	microorganisms	and	will	affect	the	overall	degradation	efficiency	significantly	where	Fenton	oxidation	is	used	as	a	pretreatment	to	biological	oxidation.	47	(11),	2526–
2538.	Currently,	the	widely	applied	method	of	Storage	battery	industry,	paints,	lead	0.05–0.1	mg/L	for	surface	water,	wastewater	treatment	for	lead	removal	additives,	oils,	and	mining	industry	EPA	limit	is	set	to	0.015	mg/L	for	consists	of	the	electrochemical	method,	drinking	water	(Gurel	et	al.,	2005)	biosorption,	coagulation,	and	ion	exchange.
Babuponnusami,	A.,	Muthukumar,	K.,	2012.	Water	fulfills	several	roles	and	functions	in	all	types	of	industries.	For	example,	coagulation,	oxidation,	membrane	separations,	cavitation,	and/or	biological	methods	mainly	perform	the	major	task	of	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	©	2014	Elsevier	Ltd.	Gogate,	Aniruddha	B.	Low	cost
is	most	crucial	aspect	in	wastewater	treatment,	dictating	constant	search	for	newer	materials.	A	detailed	discussion	on	surface	removal	of	pollutant	species	in	porous	materials	can	be	found	in	the	section	on	the	ion	exchange	process.	Many	other	combination	techniques	have	been	reported	extensively	in	the	literature	for	a	variety	of	contaminants.
Among	the	developing	nations,	China’s	production	of	dyes	and	organic	pigments	is	increasing	at	a	fast	rate.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	7	Figure	1.5	India’s	mega	cities:	domestic	and	industrial	wastewater,	generated	vs.	General	theory.	Introduction	to	Advanced	Wastewater	Treatment.	There	is	effective
removal	of	heavy	metals	through	reductive	precipitation	(as	heavy-metal	sulfides)	rather	than	oxidative	precipitation.	Further,	for	sustainable	growth,	there	is	a	need	to	accept	environmental	challenges	by	way	of	developing	green	processes,	minimizing	wastewater	generation,	and	creating	awareness	along	with	employment	for	sustainable
development	and	safeguarding	quality	of	life.	In	wastewater	treatment,	this	process	is	commonly	employed	as	a	tertiary	or	polishing	method	for	the	removal	of	specific	pollutants	to	desired	levels.	Preparation	and	application	of	magnetic	Fe3O4	nanoparticles	for	wastewater	purification.	Ammonia	removal	from	wastewaters	using	ion	exchange	has	also
been	explored	and	has	been	found	effective	(Jorgensen	and	Weatherley,	2003).	It	can	also	be	due	to	the	precipitation	of	ferric	oxyhydroxides	(Lin	and	Lo,	1997),	which	inhibit	the	regeneration	of	ferrous	ions.	55,	6197–6208.	Other	important	parameters	that	affect	the	efficiency	of	the	photo-Fenton	process	are	the	intensity	of	the	UV	light,	loading	of
Fe2+	ions,	H2O2	loading,	the	presence	of	ions,	and	solution	pH,	which	needs	to	be	optimized	before	it	is	scaled	up	to	an	industrial	level.	The	electrical	consumption	is	the	main	parameter	in	cost	evaluation	of	the	electrocoagulation	method.	Reorienting	Waste	Remediation	Towards	Harnessing	Bioenergy:	A	Paradigm	Shift	215	217	223	232	234	235	S.
Use	of	some	natural	and	waste	materials	for	waste	water	treatment.	Aeration	is	usually	maintained	for	scavenging	the	electrons	(HO2	•	radicals	are	formed	in	the	valence	band)	and	prevent	electron/hole	charge	recombination	also	helps	in	achieving	the	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	163	dispersion	of	the
catalyst.	Bull.	Chapter	1	provides	an	overview	and	outlines	the	current	scenario	on	water	consumption	and	strategies	for	water	treatment	and	reviews	various	methods	of	treatment	to	develop	the	theme	of	wastewater	treatment,	recycling,	and	reuse.	An	industry	has	to	make	a	highly	predictive	guess	on	its	rate	of	expansion	and	design	a	treatment
plant	to	cater	to	the	needs	for	the	next	decade,	which	is	a	waste	of	critical	industrial	resources.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	101	The	sorption	isotherms	give	important	information	about	the	process.	Vivek	V.	The	recovery	of	metal	is	achieved	by	means	of	metallic	deposition	on	the	cathode	in	the
electrochemical	reactor.	367,	190–196.	Ferric	ion	is	then	reduced	back	(typically	in	the	presence	of	irradiations)	to	ferrous	ion,	a	peroxide	radical,	and	a	proton	by	the	same	H2O2.	The	performance	was	again	substantially	dependent	on	the	type	of	effluent.	First	of	all,	we	would	like	to	thank	all	the	contributors	to	this	book.	10,	27–46.	Raut-Jadhav,	S.,
Saharan,	V.K.,	Pinjari,	D.V.,	Saini,	D.R.,	Sonawane,	S.H.,	Pandit,	A.B.,	2013.	An	example	of	this	is	shown	in	Figure	1.19	for	effluent	from	a	steel	plant	(Sirajuddin	et	al.,	2010).	Simple	process,	can	be	conducted	in	either	batch	or	continuous	mode	2.	An	alternative	way	to	obtain	free	radicals	is	using	the	photocatalytic	mechanism	occurring	at	the	surface
of	semiconductors	(such	as	titanium	dioxide),	which	substantially	enhances	the	rate	of	free-radical	generation	and	hence	the	rates	of	degradation	(Bhatkhande	et	al.,	2002;	Mazzarino	and	Piccinini,	1999).	Instead	of	using	a	single	high	frequency	transducer,	reactors	having	multiple	low	frequency	transducers	located	at	different	and	strategic	locations
are	found	to	be	more	energy	efficient	due	to	their	ability	to	generate	a	similar	cavitational	intensity	as	in	the	high-frequency	acoustic	reactor.	The	main	disadvantage	in	mathematical	modeling	of	sorption	processes	is	that	many	times,	generalized	models	are	not	available	and	a	system	specific	mathematical	treatment	has	to	be	developed.	Mechanism
and	pathways	of	chlorfenapyr	photocatalytic	degradation	in	aqueous	suspension	of	TiO2.	UNEP,	2008.	Among	these,	only	acoustic	and	hydrodynamic	cavitation	(HC)	have	been	found	to	be	economically	efficient	and	feasible	in	bringing	about	the	desired	chemical	and	physical	changes,	whereas	optic	and	particle	cavitation	are	typically	used	for	single
bubble	cavitation,	which	fails	to	induce	chemical	change	in	a	bulk	solution.	Usually	a	combination	of	one	or	more	processes	is	required	to	attain	the	goals	of	the	effluent	treatment	process.	Ho¨ll,	W.,	Sontheimer,	H.,	1977.	However,	since	the	performance	of	coagulation	process	directly	affects	the	overall	performance	of	the	other	effluent	treatment
steps,	improving	coagulation	is	a	crucial	factor	from	the	point	of	view	of	overall	effluent	treatment	strategy.	Application	of	several	advanced	oxidation	processes	for	the	destruction	of	terephthalic	acid	(TPA).	The	other	adsorbents,	such	as	inorganic	adsorbents	and	polymeric	adsorbents,	are	also	gaining	importance.	There	have	been	various
mechanisms	proposed	for	the	coagulation	process	that	mainly	incorporate	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	Table	2.1	Examples	of	Coagulants	Functionality/	Type	Characteristics	89	Example	Inorganic	Aluminum	salts	(alum)	Al3+	Ferric	and	ferrous	salts	Lime	Polymeric	Fe2+/Fe3+	Ca2+	Al/OH	ratio;	MW
Al3+;	MW	Al/OH	ratio;	MW	Al/Si	ratio	Al2(SO4)3		14H2O	or	Al2(SO4)3		18H2O	FeCl3,	Fe2(SO4)3,	FeSO4		7H2O	Ca(OH)2	Polyaluminum	chloride	Polyaluminum	sulfate	Polyaluminium	silicate	chloride	Organic	(Polyelectrolytes)	Cationic	Amine	Quaternary	Non-ionic	Anionic	Polyalcohol	Amide	Carboxylic	Sulfonic	Polyethylene	amine	hydrochloride
Functionalized	polyacrylamide	Poly	diallyldimethylammonium	chloride	Polyvinylalcohol	Polyacrylamide	Polymethacrylic	acid	Polyvinylsulfonate	Natural	Polymers	Starch	Guar	gum	Chitin	derivatives/	Chitosan	Carbonyl	groups/polysaccharide	skeleton,	cationic/	anionic	High	mol.	This	is	due	to	the	fact	that	the	chemical	reactions	due	to	cavitation	occur
as	a	result	of	the	formation	of	a	certain	minimum	number	of	free	radicals.	The	solution	to	environmental	problems	can	be	tried	from	the	lowest	level	in	the	chain,	then	taken	further	up	the	12	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Water	Treatment,	Recycle	&	reuse	Water	Treatment,	Recycle	&	reuse	Water	demand	Agriculture
Industry	Population	Increased	food	demand	Fertilizers	and	pesticides	Increased	industrial	production	Increased	sewage	Chemicals,	metals,	etc.	In	order	to	maximize	the	impact,	many	variations	in	the	form	of	combined	operations	involving	both	aerobic	and	anaerobic	treatments	exist.	However,	these	methods	are	largely	ineffective	for	removing	color
from	the	wastewaters.	The	organics	present	in	the	wastewaters	can	be	oxidized	in	this	process	along	with	some	of	the	inorganics	using	extremely	high	temperatures	in	the	presence	of	oxygen.	Thus,	overall	it	appears,	that	combining	hydrodynamic	cavitation	with	photocatalysis	would	be	more	effective	as	compared	to	the	combination	of	ultrasound
and	photocatalysis.	Although	a	single-stage	operation	requires	lower	initial	investment	than	a	two-stage	system,	today,	the	trend	in	the	anaerobic	treatment	of	highly	contaminated	wastewater	is	toward	a	two-stage	process	design.	Thus,	formulation	of	inorganic	and	organic	coagulants	can	provide	a	better	techno-economically	feasible	operation	in
wastewater	treatment.	(English).	Computational	fluid	dynamics	modeling	of	flocculation	in	water	treatment:	a	review.	Ollis,	D.F.,	Pellizzetti,	E.,	Serpone,	N.,	1991.	105,	412,	No.	1257.	Here,	newer	devices	of	hydrodynamic	cavitation	that	allow	oxidation	reaction	on	a	miniaturized	scale	can	be	most	useful.	Moreover,	the	retention	of	H2O2	in	the
effluent	stream	needs	to	be	tested	because	it	also	presents	as	a	possible	contaminant	and	cannot	be	discharged	as	such.	The	bacterial	cells	can	be	said	to	represent	“biochemical	reactors,”	wherein	heterotrophic	organisms	oxidize	organic	compounds	with	the	aid	of	oxygen.	Activated	neem	leaf:	a	novel	adsorbent	for	the	removal	of	phenol,	4-
nitrophenol,	and	4-chlorophenol	from	aqueous	solutions.	In	order	to	resolve	the	predicament	of	economic	policy	versus	environmental	pollution	control,	common	effluent	treatment	plant	schemes	have	been	set	up.	119,	9303–9304.	Madhavan,	J.,	SathishKumar,	P.S.,	Anandan,	S.,	Zhou,	M.,	Grieser,	F.,	Ashokkumar,	M.,	2010.	A	number	of	commercial
adsorbents,	both	hydrophilic	and	hydrophobic	types,	are	available.	With	continuous	growth	in	sectors	such	as	dyestuff	manufacturing,	pharmaceuticals,	and	textiles,	as	well	as	the	simultaneous	increase	in	the	number	of	small-scale	industries,	old	methods	of	treating	and	managing	wastewater	are	becoming	obsolete.	It	can	be	seen	that	efficiency	of
carbon	treatment	is	better	in	all	respects	for	BOD	and	COD	removal.	Intensification	of	degradation	of	Rhodamine	B	using	hydrodynamic	cavitation	in	the	presence	of	additives.	47p.	Removal	of	ammonium	from	municipal	wastewater	using	natural	Turkish	(Dogantepe)	zeolite.	[Viewed	21	January,	2014].	55	(24),	6197–6208.	40	(15),	4782–4787.	A
number	of	pollutants	that	are	present	in	industrial	wastewaters	are	colloidal	in	form	and	are	charged	species.	In:	IIChE	Conference	CHEMCON-2010.	At	an	operating	pH	of	>4,	the	decomposition	rate	decreases	because	of	the	reduction	in	the	free	iron	species	in	the	solution,	probably	due	to	the	formation	of	Fe	(II)	complexes	with	the	buffer	inhibiting
the	formation	of	free	radicals.	Advanced	Treatment	Technology	and	Strategy	for	Water	and	Wastewater	Management	158	161	166	178	184	186	193	Haresh	Bhuta	4.1	Introduction	4.2	Advanced	Oxidation	Treatment	4.3	Fenton	Process:	Advanced	Oxidation	Technologies	4.4	Electro-Fenton	Advanced	Oxidation	Treatment	4.5	Fenton	Catalytic	Reactor
Advanced	Oxidation	Treatment	4.6	Electrochemical	Advanced	Oxidation	Treatment	with	BDD	4.7	Implementation	of	Advanced	Oxidation	Technologies	4.8	Summary	and	Conclusions	References	5.	52,	33–36.	Synergistic	degradation	of	methyl	orange	in	an	ultrasound	intensified	photocatalytic	reactor.	Lewis,	A.E.,	2010.	World	Water	Assessment
Programme,	2009.	For	the	best	results,	these	parameters	need	to	be	optimized.	The	Fenton	reaction	generally	occurs	in	an	acidic	medium	between	pH	2	and	4	and	involves	the	following	possible	steps	(Masomboon	et	al.,	2009;	Rodriguez	et	al.,	2003).	&	Eng.	Effect	of	an	acidic	treatment	on	the	chemical	and	charge	properties	of	a	nanofiltration
membrane.	Further	advancement	in	the	coagulation	process	can	be	achieved	through	the	use	of	additives	that	are	responsible,	by	and	large,	for	improving	flocculation	and	thereby	easy,	speedy	separation	with	compact	sludge	volume.	The	larger	the	dispersive	front,	the	more	unutilized	the	resin	bed	is	in	the	column,	implying	significant
underutilization	of	the	resin	capacity,	even	if	the	resin	has	a	theoretical	high	capacity	of	sorption.	Isotherm	considerations	in	single	use	adsorbent	not	requiring	regeneration	are	however,	totally	different	requiring	irreversible	isotherm.	Wu,	C.H.,	Kuo,	C.Y.,	Chang,	C.L.,	2008.	Vortex	diodes	as	effluent	treatment	devices,	PCT	Int.	The	wastewaters	are
many	times	characterized	by	high	ammoniacal	nitrogen	content	with	values	as	high	as	6000–11,000	mg/L.	It	involves	the	following	steps:	1.	However,	in	the	case	of	slurry	reactors,	the	performance	of	the	reactor	might	be	severely	affected	by	the	low	irradiation	efficiency	and	low	penetration	depth	of	the	incident	irradiations	because	of	the	opacity	of
the	slurry.	As	discussed	earlier,	the	size	of	these	industries	makes	the	installation	of	a	standard	effluent	treatment	plant	unaffordable	for	many.	Sivakumar	et	al.	Solid-liquid	separation	following	aeration.	Also	the	problem	of	higher	total	dissolved	solids	(TDSs;	because	of	the	added	iron	salt)	need	to	be	handled.	•	Advanced	Treatment	Technology	and
Strategy	195	–	Indian	industries	today	face	a	severe	shortage	of	skilled	staffing,	and	whatever	is	available	has	to	be	used	for	production	and	waste	management.	Activated	carbons	are	probably	the	most	used	adsorbent	materials,	derived	from	a	range	of	raw	materials,	available	in	variety	of	forms	ranging	from	powdered	to	nanofiber	type,	and	sold	as
inexpensive	materials	to	highly	expensive	adsorbents	depending	on	the	type.	15	(1),	43–48.	Data	54,	1823–1828.	These	advantages	make	HC	a	useful	technique	that	can	be	utilized	successfully	at	an	industrial	scale.	Padoley,	K.V.,	Saharan,	V.K.,	Mudliar,	S.N.,	Pandey,	R.A.,	Pandit,	A.B.,	2012.	In	recent	years,	electro-coagulation	has	also	been	used	to
treat	wastewater	in	industries	such	as	food,	pulp	and	paper,	and	dye,	as	well	as	wastewaters	containing	metals	and	oil.	98	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	8.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	43	1.	Discharge	of	clarified	effluent.	The	microorganisms	also	perform	the	role	of	sorbents	that	bind
both	organic	substances	and	heavy	metals,	subsequently	aiding	their	decomposition	and/or	removal.	This	scheme	of	treatment	is	more	efficient:	High-strength	wastewaters	are	used	for	gathering	energy	in	the	form	of	biogas,	while	an	aerobic	process	is	employed	to	perform	the	remaining	task	of	getting	clear	water	without	appreciable	odor	problems
(which	is	otherwise	difficult	with	an	anaerobic	process	alone).	Among	the	important	variables	of	the	activated	sludge	process	are	the	mixing	regime,	the	loading	rate,	and	the	flow	scheme.	Effects	of	reaction	conditions	on	the	oxidation	efficiency	in	the	Fenton	process.	Water	Supply	1	(1),	81–99.	The	costs	of	cavitation	operations	can	be	substantially
reduced	when	compared	to	other	methods	of	effluent	treatment	and	drastically	so	when	compared	to	intensive	processes	such	as	oxidation.	The	secondary	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Fe	Treatment	Methods	50	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment—cont'd	Metal	Occurs	in	Effluents	of
Discharge	Limits	Table	1.4	Examples	of	important	metal	removal	in	wastewater	treatment—cont'd	Metal	Occurs	in	Effluents	of	Discharge	Limits	Leather,	dye,	electroplating,	photographic	industries	Continued	51	chemical	sludge	arising	out	of	chemical	precipitation	or	ion	exchange	of	Zn	ions	may	be	used	as	fertilizer.	FICCI	Water	Mission,	2011.
2013)	also	highlights	value	additions	due	to	domestic	wastewater	treatment,	while	cautioning	about	adverse	effects	of	wastewater	usage	in	irrigation.	Ultrason.	Univ.	The	chemical	structure	of	imidacloprid	is	shown	in	Figure	3.12.	Various	technologies	are	discussed	in	detail	in	the	chapters	following.	Solvent	Extr.	Intensification	of	degradation	of
imidacloprid	in	aqueous	solutions	by	combination	of	hydrodynamic	cavitation	with	various	advanced	oxidation	processes	(AOPs)	J.	Release/recycling	of	treated	wastewater	5.	Further,	where	it	is	possible,	the	percentage	of	recovery	of	valuable	chemicals/materials	varies	from	industry	to	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An
Overview	11	industry,	and	hence	the	dent	in	profitability	(or	increase	in	profitability	in	a	positive	sense)	of	the	industry	also	varies	from	case	to	case.	38	(2),	373–379.	unwater.org).	Desalination	277	(1–3),	1–14.	The	photo-generated	electrons	could	reduce	the	organic	molecule	or	react	with	electron	acceptors	such	as	O2	adsorbed	on	the	catalyst
surface	or	dissolved	in	water,	reducing	it	to	super	oxide	radical	anion	O2	•	.	Scholler,	C.,	Chaudhuri,	J.B.,	Pyle,	D.L.,	1993.	The	reaction	of	Fe3+	with	H2O2	is	also	inhibited.	As	compared	to	lower	pressure,	higher	pressure	yields	a	slightly	better	BOD/COD	ratio	on	treatment.	Papic,	S.,	Vujevic,	D.,	Koprivanac,	N.,	Sinko,	D.,	2009.	A	review	of	imperative
technologies	for	wastewater	treatment	II:	hybrid	methods.	Although	highly	successful	on	a	laboratory	scale,	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	185	there	are	many	issues	that	need	to	be	addressed	for	the	successful	implementation	of	these	AOPs	on	an	industrial	scale.	It	has	been	observed	that	for	plates	having
the	same	flow	area,	it	is	advisable	to	use	a	plate	with	a	smaller	hole	size	opening,	thereby	increasing	the	number	of	holes	in	order	to	achieve	a	larger	extent	of	the	shear	layer	(Sivakumar	and	Pandit,	2002).	Chapters	9	through	11	describe	the	use	of	polymeric	materials	such	as	membranes	for	wastewater	treatment	in	various	advanced	forms—both	in
materials	as	well	as	applications.	Effect	of	geometry	of	hydrodynamically	cavitating	device	on	degradation	of	orange-G.	It	is	to	be	noted	that	such	sequencing	can	be	highly	useful	in	cases	where	one	fraction	of	the	wastewater	can	only	be	aerobically	degraded	and	the	other	only	anaerobically	degraded.	Donnan	phenomena	in	membranes	with	charge
due	to	ion	adsorption.	Cavitation	can	be	used	in	combination	with	ozone	for	efficiency	improvement	because	of	its	ability	to	create	hot	spots	at	ambient	conditions.	go.jp/earth/coop/coop/document/male2_e/007.pdf.	In	view	of	a	huge	growth	in	population,	from	the	present	1.2	billion	to	1.7	billion	by	2050,	it	is	expected	that	the	demand	for	food	grains
will	be	rising	substantially,	requiring	a	proportionate	rise	in	agricultural	production.	The	constant,	K	(mg	g1)	(L	mg1)1/n	in	the	Freundlich	expression,	is	related	to	the	capacity	of	the	adsorbent	for	the	adsorbate;	1/n	is	a	function	of	the	strength	of	the	adsorption,	and	it	indicates	the	affinity	between	the	adsorbent	and	adsorbate.	In	addition,	the	initial
concentration	of	the	pollutant	and	196	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	its	character,	as	well	as	temperature,	have	a	substantial	influence	on	final	efficiency.	164	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	UV	tube	Effluent	in	the	annular	space	Quartz	tube	(a)	Hexagonal	annular	photoreactor	UV	source	Air	Bubbler
Reaction	mixture	Agitator	Cooling	coil	(b)	Simple	suspended	type	reactors	Outlet	Reflector	Light	source	Lens	(c)	Inlet	titanium	dioxide-coated	hollow	glass	tubes	Multiple	tube	reactor	Figure	3.6	Schematic	representation	of	equipment	used	in	photocatalytic	oxidation.	bL	(L	g1)	is	another	Langmuir	constant	whose	value	can	be	determined	from	the
plot	of	Ce	vs.	This	process	is	termed	sorption,	and	the	mechanism	of	the	same	in	the	case	of	acid	removal	is	well	discussed	in	the	literature	for	various	acids	such	as	strong	inorganic	acids,	weak	organic/carboxylic	acids,	and	polybasic	acids	(Bhandari	et	al.,	1992a,b,	1993,	1997,	2000).	The	efficiency	of	this	combined	process	is	very	much	dependent	on
the	solution	pH,	rate	of	consumption	of	generated	•OH	radicals	by	the	pollutant	molecules,	presence	of	other	ionic	species,	loading	of	Fe	ions	and	H2O2,	and	cavitational	intensity.	Figure	2.4	shows	coagulation	efficiency	using	an	inorganic	coagulant,	PAC,	in	the	removal	of	different	dyes	as	a	function	of	coagulant	concentration.	8	(3),	251–258.	(b)
Size	and	shape	of	the	divergent	section	Once	the	cavities	are	formed,	they	need	to	grow	to	a	certain	size	before	collapse,	or	in	other	words,	the	life	of	cavity	should	increase	in	order	to	get	maximum	cavitational	yields.	Broadly,	these	models	may	be	classified	in	two	categories:	68	•	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Process
models	aim	to	simulate	the	overall	process	including	the	wastewater	treatment	plant	and	try	to	minimize	water	requirements	as	well	as	optimize	water	treatment	plant	operation.	Saharan,	V.K.,	Rizwani,	M.A.,	Malani,	A.A.,	Pandit,	A.B.,	2013.	Science	247,	1439–1445.	Hence,	optimization	of	the	O3	dosage	is	necessary	to	minimize	the	energy
consumption	and	the	amount	of	O3	in	the	exhaust	gas.	Uppsala	University,	p.	If	the	intensity	is	increased	by	increasing	the	power	input	to	the	system	(P/V	of	the	system),	there	will	be	an	increase	in	the	number	of	cavitation	events;	hence	the	cumulative	pressure	pulse	(number	of	cavities	generated	multiplied	by	the	collapse	pressure	due	to	a	single
cavity)	will	increase.	Oxidation	ditch	–	Similar	to	extended	aeration,	except	the	aeration	is	done	by	brushtype	aerators,	thus	reducing	electricity	usage.	Novel	Technologies	for	the	Elimination	of	Pollutants	and	Hazardous	Substances	in	the	Chemical	and	Pharmaceutical	Industries	193	195	196	199	202	206	207	212	213	215	Johannes	Leonhauser,	Jyoti
Pawar,	Udo	Birkenbeul	5.1	Introduction	5.2	The	Bayer	Loprox	Process	5.3	Bayer	Tower	Biology	5.4	Summary	of	Loprox	and	Tower	Biology	References	6.	45,	12.	United	Nations	Industrial	Development	Organization,	2011.	Slaughterhouses	and	the	meat-processing	industry	belong	to	a	different	class	that	produces	wastewater	with	biological	material
such	as	blood	containing	pathogens,	hormones,	and	antibiotics.	The	overall	Indian	production	of	dyes	is	expected	to	grow	significantly	in	the	future.	Sometimes,	reactivation	using	high	temperatures	is	required,	increasing	cost	of	treatment	(usually	to	reopen	pores	that	are	blocked	due	to	adsorption	of	pollutant	species).	97	(14),	1752–1755.	Rios,
R.R.A.,	Alves,	D.E.,	Dalma´zio,	I.,	Bento,	S.F.V.,	Donnici,	C.L.,	Lago,	R.M.,	2003.	4.	CONTRIBUTORS	Shrikant	Ahirrao	Praj	Industries	Limited,	Pune,	India	M.	Gogate2,	Aniruddha	B.	Res.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	137	Guy,	M.,	Annick,	V.,	Arlette,	R.,	1994.	Hot	spot	conditions	during	cavitation	in
water.	Adv.	Cavitation	through	US	or	HC	is	one	such	technique	that	can	be	used	simultaneously	with	UV/	solar	irradiation.	As	mentioned	in	Section	2.3.1,	knowing	the	kinetics	of	the	process	is	essential	for	final	selection	of	the	resin.	It	can	be	observed	from	the	values	of	COD	and	TOC	that	the	dilution	has	no	significant	effect	on	the	mineralization	of
distillery	wastewater.	60,	67.	(continuous	reactors).	73,	55–59.	Demonstration	of	performance	in	real-world	systems	is	crucial	since	most	of	the	work	reported	deals	predominantly	with	clean/ideal	systems.	Heterogeneous	sonophotocatalytic	oxidation	processes	for	the	treatment	of	pollutants	in	water.	As	mentioned	earlier,	the	energy	costs	in
advanced	effluent	treatment	methods	are	tremendous,	and	thus	emphasis	is	required	today	on	new	adsorbent	and	ion	exchange	materials	with	increased	capacity,	selectivity,	and	kinetics	to	improve	separations	at	substantially	reduced	cost.	Similarly,	the	mining	industry	requires	40	m3	water	per	ton	of	ore,	and	the	petroleum	industry	requires	10–
300	m3	water	per	ton	of	product.	Ion	exchange	reactions	are	instantaneous.	Ion	exchange	kinetics	bears	no	resemblance	to	chemical	reaction	kinetics	in	the	usual	sense.	Wastewater	Treatment	Manual	–	‘Primary,	Secondary	and	Tertiary	Treatment’,	Ireland,	viewed	28	May	2013,
pubs/advice/water/wastewater/EPA_water_%20treatment_manual_primary_secondary_	tertiary1.pdf.	2,4	Dichlorophenol	oxidation	kinetics	by	Fenton’s	reagent.	The	adsorption	of	the	pollutant,	and	hence	the	rates	of	degradation,	will	be	maximum	near	the	zPc	of	the	catalyst	(Subramanian	et	al.,	2000).	Although	many	new	coagulants	and	formulations
have	been	recently	developed	for	a	variety	of	industrial	wastewater	treatment	applications,	there	is	still	a	huge	potential	for	further	modifying	the	performance	of	existing	materials/methods	and	developing	newer	hybrid	materials	in	the	form	of	coagulant	formulations.	The	resin	beads	are	spherical,	by	and	large,	with	size	typically	ranging	from	0.1	to
1	mm	in	radius.	9.	These	processes	are	sometimes	able	to	accomplish	the	desired	reduction	in	the	pollutant	levels.	6,	1–7.	Incineration,	by	default,	can	be	considered	as	an	option	only	when	the	pollutants	are	most	difficult	to	degrade	biologically	or	cannot	be	economically	removed	by	any	of	the	physico-chemical	methods	(adsorption/ion
exchange/extraction/membrane	separation,	etc.)	of	separation.	The	treatment	costs	vary	to	some	extent	with	respect	to	the	effluent	load,	and	increased	load	is	expected	to	dictate	the	cost	of	operation.	This	technology	can	be	used	to	recover	precious	metals	such	as	Ag	from	photographic	materials,	heavy	toxic	metals	like	Pb	from	battery	industries,
and	others.	The	Fenton	reagent	destroys	a	wide	variety	of	organic	compounds	without	the	formation	of	toxic	by-products.	A	circular	venturi	was	used	as	a	means	to	generate	the	cavitation	conditions	(Figure	3.13).	A	114	(14),	4968–4980.	Novel	method	to	make	a	continuous	micro-mesopore	membrane	with	tailored	surface	chemistry	for	use	in
nanofiltration.	With	more	stringent	rules	and	regulations,	these	industries	do	not	have	any	choice	but	to	treat	these	chemicals	up	to	a	safe	dischargeable	limit.	The	cost	of	operation	and	maintenance	is	of	prime	importance	in	process	engineering	and	design.	230	(1),	65–73.	Adsorbents	come	in	different	shapes,	such	as	granules,	spheres,	cylindrical
pellets,	flakes,	and/or	powders,	with	size	variations	from	50	mm	to	1.2	cm,	porosity	30–85%v,	and	average	pore	diameters	in	the	˚	.	It	is	believed	that	the	production	of	most	water-consuming	crops,	such	as	sugar	cane,	will	increase	by	80%	from	2000	to	2050	(water-intensive	crops	such	as	sugar	cane,	rice,	and	food	grains	constituted	90%	of	India’s
crop	output	in	2008).	The	value	of	turbulence	pressure	fluctuating	frequency	(fT)	also	increases,	leading	to	a	more	efficient	collapse.	31,	279–284.	A	recent	UN	report	indicates	that	by	2025,	two-thirds	of	the	population	of	the	world	could	face	water	stress	(UNEP,	2007;	Water	Scarcity,	www.un.org/waterforlifedecade/scarcity.	Some	reports	suggest
polymer-modified	magnetic	nanoadsorbents	for	removal	of	metals,	including	cadmium.	Further,	the	environment	management	system	can	be	decentralized	for	effective	operations.	The	cationic	species	(such	as	Al3+,	Fe3+),	resulting	from	dissociation	exist	in	their	hydrated	forms	(such	as	[Al(H2O)6]3+	or	[Fe(H2O)6]3+).	The	choice	of	biological
method	depends	on	various	factors.	Advanced	computational	tools	and	modeling	methodologies	have	tremendous	potential	for	optimizing	industrial	wastewater	treatment	(see,	for	example,	a	recent	Indo-EU	collaborative	project	on	advanced	tools	for	water	treatment	[www.newindigo-atwat.com	for	more	details]).	In	this	regard,	some	of	the
conventional	separation	processes	have	been	compared	qualitatively	in	terms	of	energy	consumption	in	Figure	1.22.	Today	even	a	small	and	a	medium	scale	enterprise	(SME)	chemical	industry	is	forced	to	produce	a	large	variety	of	products	if	it	is	to	stay	competitive.	The	effluent	contains	dissolved	solids	(TDS)	mostly	in	the	form	of
salts/inorganics/heavy	metals	that	can	be	removed	by	processes	such	as	adsorption,	ion	exchange,	chemical	precipitation,	and	the	more	expensive	membrane-based	methods	such	as	NF,	RO,	and	electrodialysis.	A	complete	evaluation	of	cost	also	requires	accounting	of	different	pricing	patterns	for	domestic,	industrial,	and	agricultural	water.	With
some	adjustments	to	eliminate	these	drawbacks,	Fenton	chemistry	can	be	successful	in	treating	some	organic	pollutants	on	an	industrial	scale.	The	resultant	pollutant	fragments	may	be	digested	by	bacteria.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	41	5.	Ranade	et	al.	Stricter	and	enforceable	government	regulations	on
pollution	control	and	access	to	affordable	and	effective	solutions	to	industrial	wastewater	treatment	are	essential.	Environmental	Issues	and	Solutions.	The	amount	of	methane	generated	and	reduction	in	COD	was	compared	for	the	cavitationally	pretreated	B-DWW	as	against	the	untreated	B-DWW.	Further,	wastewaters	generated	differ	significantly
in	the	type	of	pollutant,	concentration,	and	volume,	depending	on	the	nature	of	food	processing	and	manufacturing.	Bhandari	Chemical	Engineering	and	Process	Development	Division,	CSIR-National	Chemical	Laboratory,	Pune,	India	1.1	WATER	USAGE	IN	INDUSTRY	Water	is	a	precious	commodity	that	was	once	available	almost	free	of	cost.
Comparison	of	disperse	and	reactive	dye	removals	by	chemical	coagulation	and	Fenton	oxidation.	Another	design	can	be	where	the	lag	phase	between	the	HC	and	photocatalysis	can	be	eliminated	by	making	the	flow	loop	for	the	photocatalytic	rector,	such	that	as	soon	as	the	effluent	comes	out	of	the	HC	reactor,	it	is	exposed	to	UV	light.	It	is	hence
advisable	to	have	a	large	number	of	cavitational	events	occurring	in	the	reactor	with	lower	initial	size	of	the	cavitating	nuclei.	With	continued	lowering	of	the	pressure,	the	cavity	continues	to	grow	by	further	vaporization	or	desorption	of	gases	(usually	some	gases	are	dissolved	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview
151	Flow	Orifice	Vena	contracta	(a)	Pressure	P1	(b)	P2	Pv	Distance	downstream	to	orifice	Figure	3.2	Fluid	flow	and	pressure	variation	in	a	hydrodynamic	cavitation	(HC)	setup.	In	wastewater	treatment,	a	highly	favorable	isotherm	is	generally	not	preferred	because	it	adversely	affects	regeneration.	The	main	uses	of	water	are	listed	in	Table	1.1.	These
needs	for	water	are	satisfied	using	the	following	sources:	•	Surface	water/groundwater	•	Seawater	•	Recycled	water	(industrial	wastewater/urban	sewage).	In	India,	the	dyestuff	industry	is	fragmented,	where	most	of	the	units	belong	to	the	small-scale	industry	sector,	which	is	a	major	concern	from	the	environmental	pollution	control	point	of	view
because	small	industries	have	a	limited	capacity	for	effluent	treatment.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	79	Metcalf,	Eddy,	1991.	in	situations	involving	dilute	separations	such	as	wastewater	treatment,	bioseparations,	and	gas	separation	technologies.	21,	283–294.	Adsorption	with	activated	carbon	and	hybrid
processes	such	as	magnetic	nanoadsorbent	plus	adsorption	are	gaining	importance	in	light	of	ever-increasing	stringent	regulations	for	discharge	of	this	particular	heavy	metal.	More	importantly,	hydrodynamic	cavitation	devices	are	amenable	to	scale-up	and	can	be	designed	for	treating	large	volumes	of	industrial	effluents.	Purif.	A	recent	report	by
IWMI	(Amerasinghe	et	al.	In	the	earlier	work	by	Gogate	and	Pandit	(2000b),	it	has	been	shown	that	cavities	oscillate	under	the	influence	of	a	fluctuating	pressure	field,	and	the	magnitudes	of	pressure	pulses	generated	are	much	less,	insignificant	or	too	small	to	bring	about	a	desired	chemical	change	for	the	case	where	Cv	values	are	greater	than	1.	It
is	evident	that	for	discharge	of	wastewaters	in	surface	water	bodies	such	as	rivers,	often	an	appropriate	combination	of	primary	and	secondary	methods	is	quite	adequate.	Greater	energy	efficiency	has	been	observed	for	ultrasonic	probes	with	higher	irradiating	surfaces	(lower	operating	intensity	of	irradiation),	which	results	in	uniform	dissipation	of
energy	(Gogate	et	al.,	2001).	High	resistance	to	fouling	for	long	life,	especially	important	in	effluent	treatment.	Allied	Publishers,	81	pp.	Wastewater	streams	requiring	removal	of	organic	pollutants	from	aqueous	streams.	However,	they	require	much	less	space	and	many	times	less	capital	cost	as	compared	to	many	of	the	physicochemical	processes
and	biological	processes.	Industry,	in	the	basic	definition	of	business,	is	required	to	make	a	profit	in	order	to	be	sustainable.	The	destruction/oxidation	of	organic	pollutants	using	cavitation	takes	place	through	two	mechanisms:	(1)	thermal	decomposition/pyrolysis	of	the	volatile	pollutant	molecule	in	and	around	the	collapsing	bubbles	and	(2)	oxidation
of	pollutant	molecules	by	reactive	free	radicals	(such	as	HO•,	O•,	and	HOO•	radicals)	generated	during	the	cavity	collapse	(Hua	and	Hoffmann,	1997).	Munter,	R.,	2000.	2543–2551.	The	degradation	rate	through	the	Fenton	reaction	was	increased	by	almost	sixfold	when	it	was	used	in	combination	with	ultrasound,	and	the	synergistic	coefficient	of
2.27	suggest	that	combination	of	Fenton	and	cavitation	gives	higher	efficiency	than	when	used	individually.	It	is	imperative	that	the	industry	sector	implement	proper	effluent	treatment	methods,	not	just	to	reduce	pollution,	but	also	to	contribute	to	reducing	water	stress	through	water	recycling	and	reuse.	For	organic	coagulants,	the	coagulation
mainly	takes	place	due	to	the	adsorption/charge	neutralization	mechanism	through	interactions	of	charged/ionogenic	sites	of	polymers	that	have	capacity	to	adsorb	or	cover	colloidal	pollutant	species.	Effects	of	particle	size	of	TiO2	on	photocatalytic	degradation	of	methylene	blue	in	aqueous	suspensions.	Pollution	Treated	effluent	Treated	effluent
Figure	1.7	Sustainability—a	proper	perspective.	It	is	not	possible	or	necessary	to	summarize	all	of	the	publications/	reviews	here.	3.5.4	Photo-Fenton	(Fenton	Process	in	the	Presence	of	UV	Light)	A	combination	of	H2O2	and	UV	radiation	with	Fe(II)	or	Fe(III)	oxalate	ion,	the	so-called	photo-Fenton	process,	produces	more	hydroxyl	radicals	in
comparison	to	the	conventional	Fenton	method	(Fe(II)	with	H2O2)	or	photolysis,	thus	promoting	the	rates	of	degradation	of	organic	pollutants	(Kusic	et	al.,	2006;	Ma	et	al.,	2005;	Papic	et	al.,	2009;	Song	et	al.,	2006).	A	value	of	1/n	below	unity	implies	that	the	adsorption	process	is	chemical;	if	the	value	is	above	unity,	adsorption	is	more	of	physical
process;	the	more	heterogeneous	the	surface,	the	more	the	1/n	value	approaches	zero.	Different	designs	of	hydrodynamic	cavitating	devices	are	shown	in	Figure	3.4.	The	design	of	a	hydrodynamic	cavitating	device	depends	on	the	application	for	which	it	is	required	and	needs	to	be	Main	line	Cooling	water	out	P2	Bypass	line	Cavitating	device	P1
Cooling	water	in	Tank	V1	V2	Pump	P1,	P	2	–	Pressure	gauges	V1,	V2,	V3	–	Control	valves	Figure	3.3	Schematic	representation	of	HC	reactor	setup.	A	higher	frequency	leads	to	higher	cavitational	collapse	intensity;	hence,	the	total	quantum	of	collapse	pressure	increases,	leading	to	higher	cavitational	activity.	In	India,	nearly	40%	of	the	wastewater
generated	by	the	most	polluting	industries	comes	from	small-scale	industries	(Murty	and	Kumar,	2011).	Chlorine,	oxygen,	ozone,	or	hydrogen	peroxide	contacting/reactors	including	surface	aerators	5.	Because	the	wastewater	compositions	are	highly	changeable,	the	Fenton	reactor	needs	some	design	considerations	to	give	flexibility	in	terms	of	the
operating	parameters.	Konstantinou,	I.K.,	Albanis,	T.A.,	2004.	A	7,	340–344.	Ouaissa,	Y.A.,	Chabani,	M.,	Amrane,	A.,	Bensmaili,	A.,	2013.	Helfferich,	F.G.,	Hwang,	Y.L.,	1985.	Hence,	for	the	treatment	of	complex	effluents,	the	loading	of	Fe(III)	as	well	as	H2O2	needs	to	be	adjusted.	publikationen/publications_pof/pof_fall_2008/rohstoffe/abwasser.htm.
In:	Lundin,	L.C.	(Ed.),	Water	Use	and	Management.	Daneshvar,	N.,	Salari,	D.,	Khataee,	A.R.,	2003.	Data	56,	3004–3016.	Wadekar,	V.V.,	Sharma,	M.M.,	1981b.	This	is	not	because	of	their	inability	to	treat	wastewater	but	rather	because	of	general	lack	of	awareness	and	understanding	about	the	current	advanced	oxidation	technologies	and	their
applications	to	different	cases.	Figure	2.5	highlights	changes	and	range	modifications	that	can	occur	using	a	formulation	of	inorganic	and	organic	coagulants	viz.	40	BOD	NFR	Total	P	Total	N	35	Parameter	(mg.L–1)	30	25	20	15	10	5	0	on	on	on	val	ted	(EA)	ration	+	denitrificati	EA	+	filtrati	A	+	P	remo	oval	+	filtrati	l	activa	E	ntiona	Extended	ae	EA	P
rem	+	A	E	Conve	Activated	sludge	plants	Figure	1.15	Maximum	discharge	limits	for	activated	sludge	plant.	Bhuptawat,	H.,	Folkard,	G.K.,	Chaudhari,	S.,	2007.	Treatment	of	spentwash	using	chemically	modified	bagasse	and	color	removal	studies.	This	is	due	to	the	creation	of	efficient	cavity	dynamics	using	multiple	frequencies.	not	straightforward,
many	times	requiring	preliminary	experimental	screening	and	prior	experience.	B.,	2001.	164,	23–28.	Some	of	the	possible	applications	are	the	following:	1.	For	the	photocatalytic	element,	usually	174	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	immobilized	or	supported	catalyst	reactors	are	preferred,	but	slurry	reactors	can	also	be	used
if	better	separation	characteristics	or	lower	loading	of	photocatalysts	is	achieved.	In	this	way,	the	absorption	of	light	by	the	photocatalyst	greater	than	its	bandgap	energy	excites	movement	of	an	electron	from	the	valence	band	of	the	irradiated	particle	to	its	conduction	band,	162	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	producing	a
positively	charged	hole	in	the	valence	band	and	an	electron	in	the	conduction	band.	However,	both	these	recent	reviews	have	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	99	highlighted	further	research	in	the	area	of	inorganic	adsorbents	and	nanomaterial	adsorbents	in	view	of	limited	information	on	applications	in
industry	wastewater	treatment.	Aspects	of	wastewater	treatment	and	the	need	for	recycling	and	reuse	of	used	water	are	then	briefly	discussed.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	155	3.2.2.2	Optimum	Operating	Conditions	3.2.2.2.1	Effect	of	Operating	Pressure	and	Cavitation	Number	The	operating	inlet
pressures	to	the	cavitating	device	and	cavitation	number	are	the	two	important	parameters	that	affect	the	cavitational	intensity	generated	in	the	reactor.	Ion	exchange	has	been	used	industrially	for	many	years	in	the	form	of	cationic	or	anionic	resins	with	strong	or	weak	acidic	or	basic	groups	to	remove	ions	from	dilute	solutions	(Helfferich,	1962).	On
the	other	hand,	HC	has	the	potential	for	scale-up	and	gives	a	higher	cavitational	yield	if	larger	volumes	are	to	be	treated	as	compared	to	acoustic	cavitation.	This	facilitates	the	sustainability	of	the	small-scale	industries	by	allowing	them	to	treat	their	effluents	collectively.	In	conventional	separation	applications,	usually	adsorbent	with	high	surface	is
considered	better.	Recovery	of	water	as	fertilizer	5.	The	removal	of	nickel	ions	can	be	achieved	using	membrane	technology	by	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	Ni	Treatment	Methods	Electroplating	industries,	and	many	other	industries	1–3	mg/L	for	most	discharge	forms	Zn	Brass	and	alloy	industry,	run-off	from
0.1–5.0	mg/L	for	discharge	in	fresh	batteries,	pigment,	fungicides	waters	using	Mg(OH)2/Al2O3	composite	nanostructure	membranes	or	UF	with	polyethyleneimine	additives	(Sun	et	al.,	2009).	3.3.1	Reactor	Used	for	Fenton	Oxidation	A	batch	Fenton	reactor	essentially	consists	of	a	non-pressurized	stirred	reactor	with	metering	pumps	for	the	addition
of	acid,	base,	a	ferrous	sulfate	catalyst	solution,	and	industrial	strength	(35–50%)	H2O2.	Decomposition	of	hydrogen	peroxide	driven	by	photochemical	cycling	of	iron	species	in	clay.	Tapered	aeration	–	Air	is	added	in	proportion	to	BOD	exerted	and	flow	is	tapered	along	the	length.	The	separation	and	reaction	parts	here	are	not	independent;	any
change	in	the	reaction	zone	automatically	alters	the	separation	zone	and	vice	versa.	Coagulation-flocculation	processes	in	water/	wastewater	treatment:	the	application	of	new	generation	of	chemical	reagents.	PAC	and	poly	DADMAC	for	reactive	blue	dye	removal	with	high	efficiency.	7	(2),	283–299.	Commercialization	of	borondoped	diamond	(BDD)
technology	has	brought	a	revolutionary	change	in	the	electrochemical	oxidation	process.	The	photo-generated	holes	can	oxidize	the	organic	molecule	to	form	R+,	or	react	with	OH	or	H2O,	oxidizing	them	into	•OH	radicals,	which	subsequently	act	as	oxidizing	species.	The	experiments	were	conducted	at	two	different	inlet	pressures	(low	as	well	as
high)	and	at	different	dilutions	over	the	time	range	of	50–150	min.	185,	315–321.	The	energy	of	adsorption	is	computed	by	the	relationship	1	E	¼	pffiffiffiffiffiffiffiffiffi	2BD	The	D-R	equation	takes	into	account	the	temperature	effect	as	the	factor.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	1	Vivek	V.	All	rights	reserved.	A
sustainable	hybrid	wastewater	treatment	methodology,	capable	of	removing	multiple	and	refractory	pollutants	along	with	renewable	energy	generation,	has	immense	potential	in	future	industrial	operations.	In	ion	exchange	resins,	functionality	of	the	matrix	is	more	important	than	the	surface	area.	The	waste	coming	from	various	chemical-producing
industries,	including	pesticides,	pharmaceutical,	petrochemical,	and	other	process	units,	contains	complex	molecules	that	are	biorefractory	in	nature	and	thus	cannot	be	completely	degraded	by	conventional	biological	processes.	The	constitution	and	fundamental	properties	of	solids	and	liquids.	For	effective	removal	of	chromium,	a	combination	of
various	physico-chemical	methods	such	as	chemical	precipitation,	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	Cr	Treatment	Methods	Hydrometallurgical	processes,	pharmaceuticals,	dyes,	and	petrochemicals	0.05–3	mg/L	adsorption/ion	exchange,	coagulation,	and	RO	is	required.	However,	very	high	power	dissipation	or
larger	intensity	could	result	in	lower	cavitational	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	149	intensity	because	of	the	formation	of	more	cavities	over	a	small	area	(number	density	of	cavities),	which	start	coalescing	with	each	other	and	result	in	larger	bubbles	collapsing	in	the	gas-liquid	compressible	dispersion,
leading	to	a	lower	pressure	pulse	at	the	time	of	collapse	(Fındık	and	Gu¨ndu¨z,	2007;	Gogate	et	al.,	2003;	Hamadaoui	and	Naffrechoux,	2008).	Chemistry	induced	by	hydrodynamic	cavitation.	It	uses	only	electricity	and	can	operate	at	room	temperature	and	atmospheric	pressure.	Moreover,	the	power	required	for	the	onset	of	cavitation	increases	with
an	increase	in	the	frequency	of	irradiation;	hence	the	process	may	become	uneconomical	at	much	higher	frequencies	of	irradiation.	Since	the	effect	of	pH	cannot	be	generalized,	it	is	recommended	that	laboratory-scale	studies	should	be	performed	for	establishing	the	optimum	conditions	for	the	operating	pH	unless	data	are	available	in	the	literature
with	closely	matched	operating	conditions,	i.e.,	type	of	equipment	as	well	as	the	range	of	operating	parameters,	including	the	composition	of	the	effluent	stream.	Many	examples	have	been	given	in	the	literature	(e.g.,	Kormann	et	al.,	1991;	Wei	et	al.,	1990;	Yawalkar	et	al.,	2001)	regarding	the	effects	of	various	anions	and	cations.	The	organic	substrate
reacts	directly	with	the	photo-generated	surface	holes	and	electrons	under	cavitating	conditions.	Venkata	Mohan	6.1	6.2	6.3	6.4	6.5	6.6	6.7	Introduction	Anaerobic	Fermentation	Biohydrogen	Production	from	Waste	Remediation	MFCs	for	Harvesting	Bioelectricity	from	Waste	Remediation	Bioplastics	Microalgae	Cultivation	Towards	Biodiesel
Production	Summary	235	236	238	248	257	260	265	Contents	Acknowledgments	References	Further	Reading	7.	It	has	been	proved	that	BDD,	when	used	as	an	anode,	is	able	to	generate	hydroxyl	radicals	(as	generated	in	the	Fenton	process)	without	the	use	of	any	chemicals.	Coagulation	2.	This	indicates	that	ferrous	ions	are	consumed	more	rapidly
than	they	are	produced.	Interestingly,	cavitation	and	hybrid	separations,	although	sufficiently	technologically	mature,	find	less	applicability	in	the	industry.	A	common	belief	in	wastewater	treatment	relates	to	only	considering	treating	wastewater	to	make	it	suitable	for	discharge	in	surface	waters/rivers/	water	ponds.	The	kinetics	of	the	individual
steps	is	inadequately	understood	even	today	because	substrate	mixtures	are	complex	in	most	cases	and	collecting	reliable	kinetic	data	is	time	consuming	and	difficult.	Davis,	A.P.,	Huang,	C.P.,	1991.	Destroys	a	very	broad	range	of	organic	compounds	5.	Sonochemical	degradation	of	Rhodamine	B	in	aqueous	phase:	effects	of	additives.	A	high
synergetic	coefficient	of	22.79	suggests	that	both	processes	should	be	used	in	combination	rather	than	individually.	It	is	therefore	imperative	that	every	effort	is	made	to	reduce	water	usage	and	to	treat	wastewater	to	make	it	reusable	or	at	least	safer	to	discharge	into	the	environment.	In	this	context,	it	is	usually	presumed	that	the	only	goal	of
industrial	wastewater	treatment	is	removal	of	pollutants	from	the	effluent	to	such	levels	that	it	meets	the	prescribed	norms	of	discharge	into	surface	waters.	Therefore,	many	researchers	have	tried	ozonation	in	combination	with	other	process	to	overcome	these	drawbacks,	including	ozone	combined	with	H2O2	and	ozone	combined	with	ultraviolet
irradiation	and	ultrasound	(Ince	and	Tezcanlı´,	2001;	Kang	and	Hoffmann,	1998;	Song	et	al.,	2007;	Vecitis	et	al.,	2010;	Wu	et	al.,	2008).	It	may	be	noted	here	that	although	adsorption	or	ion	exchange	can	be	useful	in	removing	a	large	percentage	of	COD	in	some	cases,	the	capacity	for	removal	is	limited,	requiring	huge	quantities	of	material	and
making	it	impractical	for	direct	application.	Although	generalization	on	the	best	coagulant	in	this	regard	could	not	be	concluded	in	the	study,	it	was	suggested	that	92	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	PSAFC	would	improve	performance	over	PAC	under	certain	conditions.	–	The	rate-determining	step.	Surface	modification	–
Acids/base/specialty	materials	(Often	undisclosed)	The	adsorption	process	and	its	application	to	wastewater	treatment	is	also	a	relatively	mature	technology.	In	summary,	value	addition	from	wastewater	treatment,	recycling,	and	reuse	comes	mainly	from:	1.	The	problem	of	finding	antibiotics	in	sewage	wastewaters	because	of	improper	disposal	in
cities	is	also	approaching	significant	proportions	and	requires	careful	attention	because	the	desired	concentrations	for	many	of	these	pollutants	are	below	picogram	levels.	In	India,	nearly	6.2	million	m3	of	untreated	industrial	wastewater	is	generated	every	day	(of	the	total	44	million	m3/day	wastewater).	Ranade,	V.V.,	Bhandari,	V.M.,	2013.	Mane,
J.D.,	Modi,	S.,	Nagawade,	S.,	Phadnis,	S.P.,	Bhandari,	V.M.,	2006.	The	plausible	reason	for	this	is	the	lack	of	awareness	and	adequate	knowledge	on	design	and	application	of	such	systems.	104	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Figure	2.7	Schematic	representation	of	ion	exchange	resin	bead.	Imran,	A.,	2012.	Some	of	the
disadvantages	of	common	inorganic	coagulants	can	be	eliminated	with	the	use	of	organic	coagulants	or	formulations	of	both	inorganic	and	organic	coagulants.	84	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	2.1.2	Devising	a	Solution	for	Industrial	Wastewater	Treatment	A	systematic	approach	to	wastewater	treatment	with	a	specific
emphasis	on	water	recycling	and	reuse	along	with	the	recovery	of	valuable	chemicals	is	very	important,	especially	for	fine	and	specialty	chemical	and	waterintensive	industries.	In	this	manner,	the	recombination	of	the	free	radicals	and	the	formation	of	toxic	pollutant	intermediates	can	be	eliminated	because	they	are	subsequently	exposed	to	the
photocatalytic	oxidation	as	soon	as	they	come	out	of	the	HC	reactor,	where	these	intermediates	are	degraded	further	using	photocatalytic	oxidation.	Where	water	recycling	and	reuse	is	practiced	in	Indian	industry,	the	preference	is	for	using	treated	wastewaters	for	horticulture	and	gardening,	while	some	industries,	such	as	the	thermal	power	sector,
use	treated	waters	for	ash	handling.	Ingale,	M.N.,	Mahajani,	V.V.,	1996.	Since	1950,	the	world	population	has	doubled,	and	water	consumption	has	increased	sixfold;	industrial	consumption	has	also	grown	rapidly.	Development	of	a	strategy	for	continuous	monitoring	of	the	cost	of	operation	and	measures	for	cost	reduction.	Bhandari,	A.	The	capital
cost	of	the	Fenton	process	is	relatively	low	due	to	the	simple	nature	of	the	reactor	design	involved.	Chapter	12	describes	process	simulation	for	water	systems	optimization,	the	subject	that	can	complete	the	water	management	theme	discussed	by	various	contributors	in	this	book.	Depending	upon	their	structures	and	cellular	components,	they	can	be
subdivided	into	bacteria,	fungi,	plants,	with	viruses	representing	a	special	group	of	their	own.	Chapter	14	finally	summarizes	the	past,	present,	and	future	for	industrial	wastewater	treatment,	recycling,	and	reuse.	In	such	cases,	application	of	AOP	may	not	be	suitable.	Ragaini,	V.,	Selli,	E.,	Bianchi,	C.L.,	Pirola,	C.,	2001.	ˇ	.,	1978.	Watkins,	K.,	2006.
During	the	compression	cycle,	the	average	distance	between	the	molecules	decreases,	while	during	rarefaction	the	distances	increase.	The	key	to	this	approach	is	effective	biological	treatment.	Various	advanced	models	are	used	to	achieve	these	objectives.	Modak,	S.Y.,	Rane,	V.C.,	Juvekar,	V.A.,	Bhandari,	V.M.,	Yonemoto,	T.,	1999.	Thus,	in	the
context	of	the	conventional	coagulants	listed	above,	many	newer	coagulant	types	and	hybrid	forms	are	being	continuously	researched	and	enter	the	market	(Tzoupanos	and	Zouboulis,	2008;	Lee	et	al.,	2012).	It	is	quite	evident	that	the	availability	of	both	surface	water	and	groundwater	is	declining,	and	industries	have	to	look	for	alternative	sources	of
water	supply	if	they	are	not	self-sufficient	through	water	recycling	and	reuse.	Opin.	org/en/media/HDR06-complete.pdf.	The	following	reactions	are	known	to	occur	during	the	combined	process	of	cavitation	and	ozone.	This	is	due	to	the	fact	that	hydrophobic	and	volatile	compounds	can	easily	enter	the	gas-water	interface	region	of	cavities	because	of
their	hydrophobic	nature.	A	special	form	of	ASP	that	operates	in	batch	mode	with	sequencing.	U.S.	Pat.	Under	acidic	conditions	the	state	of	the	imidacloprid	molecule	changes	from	ionic	to	molecular,	thereby	causing	it	to	locate	at	the	cavity	water	interface	where	the	concentration	of	the	•OH	radicals	is	high	and	hence	the	degradation	rate	increases.
Recovery	and	separation	of	organic	acids	by	membrane	based	solvent	extraction	and	pertraction.	An	example	is	shown	in	Figure	4.2a,	which	shows	a	photograph	of	the	results	obtained	from	treating	direct	dye	wastewater	with	Fenton	oxidation.	Further	Mn	removal:	using	chelating	polymer	such	as	polyacrylic	acid	or	using	hydrogen	peroxide	+	NF.
Additional	hydroxyl	radicals	generated	in	the	first	step	also	take	part	in	the	oxidation	reaction.	Adler,	S.,	Beaver,	E.,	Bryan,	P.,	Robinson,	S.,	Watson,	J.,	2000.	Although	the	volumes	are	not	very	large,	the	generated	wastewater	is	significantly	polluted	because	of	the	presence	of	high	organic	contaminants	found	in	medicinal	compounds,	solvents,	and
other	materials.	Figure	2.3	Jar	test	apparatus	for	coagulation	experiments.	Helsel,	R.W.,	1977.	Often,	there	are	changes	in	the	reaction	zone	from	time	to	time	(especially	in	manufacturing	of	fine	and	specialty	chemicals),	subsequently	requiring	modifications	in	the	separation	zone.	The	CFD	simulations	were	used	to	evolve	several	new	features	such
as	a	low-level	gradually	enlarged	inlet	that	ensures	hydraulic	energy	dissipation	through	plume	formation,	improved	flocculation	because	of	the	plume,	uniquely	sloped	bottom	of	the	clarifier,	and	specially	devised	sludge	removal.	The	disadvantages	of	the	Fenton	process	are	the	following:	1.	Chemical	modification	of	bagasse	and	mechanism	of	color
removal.	Development	of	new	robust	membranes	with	increased	surface	area	per	unit	volume	and	membranes	suitable	for	effluent	treatment	that	can	withstand	dirty	liquids.	A	typical	cost	calculation	using	hydrodynamic	cavitation	using	a	vortex	diode	as	a	cavitating	device	is	as	follows:	Cost	of	treatment=m3	of	effluent	¼	N	c	DP	P	E	36	where	Nc	is



number	of	circulations	needed	for	the	treatment,	△P	is	pressure	drop	in	atm,	PE	is	price	of	electricity	per	kWh,	and		is	efficiency	of	the	pump.	Textile	organic	dyes	–	characteristics,	polluting	effects	and	separation/elimination	procedures	from	industrial	effluents	–	a	critical	overview.	The	Dubunin-Radushkevich	(Dubinin,	1960)	is	an	empirical
adsorption	isotherm	that	is	now	mostly	applied	for	metal	ion	adsorption	from	an	aqueous	system.	The	situation	can	be	disastrous	with	toxic	pollutants.	Very	high	intensity	turbulence	occurs	on	the	downstream	side	of	the	constriction;	its	intensity	depends	on	the	magnitude	of	the	pressure	drop,	which,	in	turn,	depends	on	the	geometry	of	the
constriction	and	the	flow	conditions	of	the	liquid.	For	dye	removal,	the	use	of	inorganic	coagulants	is	quite	effective,	and	close	to	100%	removal	is	possible.	Polyelectrolytes	of	natural	origin	are	typically	derived	from	starch	products	or	of	biological	origin	such	as	extracts	of	plants/	fruits	or	alginate	from	algae,	while	synthetic	organic	coagulants	are
synthetically	polymerized	from	monomers	(e.g.,	polyamine,	sulfonate).	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	39	1.4.8	Biological	Method	of	Treatment	1.4.8.1	Aerobic	Treatment	A	commonly	practiced	biological	treatment	methodology	involves	aerobic	treatment,	which	is	simple	in	its	concept	and	operation.	In	each	of
the	applications	mentioned	above,	there	are	several	opportunities	to	use	CFD	models	for	performance	enhancement.	Fayolle	et	al.	Solar	assisted	photochemical	and	photocatalytic	degradation	of	phenol.	63,	1024–1026.	8	(3–4),	501–551.	Das,	S.	Even	with	PAC,	the	minimum	required	dose	varies	with	nature	of	dye.	In	the	first	step,	nearly	80–90%	of
COD	is	removed,	and	then	the	partially	treated	wastewater	with	reduced	organic	load	is	sent	for	aerobic	treatment.	Photocatalytic	degradation	of	para-hydroxybenzoic	acid:	relationship	between	substrate	adsorption	and	photocatalytic	degradation.	Ahmaruzzaman	8.1	Introduction	8.2	Newer	Adsorbents	and	the	Potential	for	Their	Application	in
Phenolic	Wastewater	Treatment	8.3	Adsorbent	Characterization	8.4	Single-Solute	Adsorption	Studies:	Performance	and	Evaluation	8.5	Adsorption	Mechanism	8.6	Results	from	Batch	Adsorption	8.7	Multicomponent	Adsorption	Studies	8.8	Desorption	Studies	8.9	Disposal	and	Cost	Analysis	8.10	Summary	Nomenclature	Subscripts	References	Further
Reading	323	328	334	347	352	354	356	360	362	362	363	364	364	368	9.	(a)	Throat	size	and	shape	Changing	the	shape	of	the	throat,	for	example,	the	orifice	plate	and	venturi,	can	be	a	efficient	approach	with	the	aim	of	maximizing	a.	The	advances	in	these	mainly	incorporate	newer	coagulants	with	specific	properties	(such	as	inorganic	and	organic
polymers,	with	specific	molecular	weight	or	Al/OH	ratio),	coagulant	formulations	(intelligent	mix	of	inorganic	and	organic	coagulants	to	get	benefits	of	both),	coagulant	aid,	flocculants	and	flocculation,	mixing,	and	newer	equipment	designs	and	solid-liquid	separation.	A	recent	trend	in	Mumbai,	the	financial	capital	of	India,	indicates	increased
dependency	of	industry	on	treated	municipal	water,	that	is,	sewage	water.	The	activated	sludge	process	generates	sludge	that	requires	further	treatment	and	processing	before	it	can	be	finally	disposed	of.	157	(1),	111–116.	This	substantially	improves	cost	effectiveness	apart	from	process	performance.	Desai,	P.A.,	Kore,	V.S.,	2011.	Bhandari,	V.M.,
Juvekar,	V.A.,	Patwardhan,	S.R.,	1993.	It	is	widely	known	that	conventional	wastewater	treatment	systems	have	serious	shortcomings	that	can	be	addressed	by	advanced	oxidation	processes.	Kinetics	of	acid	uptake	by	weak	base	anion	exchangers.	In:	Cecen,	F.,	Aktasr,	O.	Some	important	recommendations	in	this	regard	are:	1.	Advanced	oxidation	of
phenol:	a	comparison	between	Fenton,	electro-Fenton,	sono-electro-Fenton	and	photo-electro-Fenton	processes.	3	(2),	77–82.	Thus,	even	though	pollution	may	not	be	life	threatening	at	present,	the	industry	needs	to	carefully	assess	its	adverse	effects	on	the	environment	and	make	suitable	long-term	projections.	18	(2),	494–500.	Othmer,	D.F.,	1958.
153	(3),	942–947.	An	increasing	number	of	studies	have	been	reported	in	recent	years	on	the	application	of	nanomaterials,	such	as	silver	nanoparticles	for	the	removal	of	mercury	(Sumesh	et	al.,	2011);	cellulose-manganese	nanocomposite	for	removal	of	lead	(Maliyekkal	et	al.,	2010);	and	iron	oxide	nanoparticles	for	removal	of	metal	ions	(Shen	et	al.,
2009).	Amerasinghe,	P.,	Bhardwaj,	R.M.,	Scott,	C.,	Jella,	K.,	Marshall,	F.,	2013.	Hazard.	The	cavitation	inception	number	does	not	change	with	the	liquid	velocity,	is	a	constant	for	a	given	orifice	size,	and	is	found	to	increase	with	an	increase	in	the	orifice	size	and	dimension.	Identifying	the	source	is	important	so	that	corrective	action,	even	if	it	is	from
a	process	point	of	view,	such	as	process	modification	or	increase	in	efficiency,	can	be	taken	to	eliminate	or	reduce	pollutant	levels	at	that	stage.	Also	a	lower	pH	of	2.7	is	favorable	for	the	degradation	of	imidacloprid	using	HC.	In	a	way,	this	can	be	advantageous	for	water	recycling	and	reuse	because	treated	wastewater	can	be	made	suitable	for
agricultural	use.	Reactive	dyestuff	degradation	by	combined	sonolysis	and	ozonation.	Fenton	chemistry	was	employed	along	with	HC	at	the	optimum	loading	of	imidacloprid:H2O2	as	1:40	with	the	concentration	of	H2O2	as	3.91	mmol/L	and	a	varying	molar	ratio	of	ferrous	sulfate:H2O2	as	1:50,	1:40,	1:30,	and	1:20.	A	number	of	diffusion	models,	both
pseudo-homogeneous	and	heterogeneous,	have	been	developed	for	various	processes.	A	longer	SRT	generally	corresponds	to	better	biodegradation.	Flocculation/coagulation/clarifiers/settling	tanks	3.	In	the	Fenton-reagent-driven	oxidation	of	organic	pollutants,	the	important	parameters	that	need	to	be	considered	to	get	the	optimized	results	include
ratio	of	H2O2	to	ferrous	ion	concentration,	operating	pH,	and	concentration	of	pollutant.	The	physico-chemical	methods	of	treatment	that	can	be	considered	are	the	following:	1.	Thus,	the	loading	of	H2O2	should	be	adjusted	in	such	a	way	that	the	entire	amount	is	utilized;	this	can	be	decided	based	on	laboratory-scale	studies	with	the	effluent	in
question.	In	pharmaceutical	industries,	wastewater	is	generated	mainly	from	cleaning	equipment.	For	wastewater	applications,	it	is	important	to	design	continuous	reactors	rather	than	batch	reactors	or	at	least	reactors	operating	in	recirculating	mode,	because	large	quantities	of	effluents	will	have	to	be	treated.	The	wastewaters	are	also
characterized	by	high	COD,	ranging	from	a	low	of	3000	to	as	high	as	32,000	mg/L	or	even	more.	3.2.1.2.3	Intensity	of	Irradiation	The	intensity	of	ultrasonic	equipment	is	defined	as	the	ratio	of	the	system’s	power	input	to	the	transmitting	area.	Bhandari,	V.M.,	Juvekar,	V.A.,	Patwardhan,	S.R.,	1992a.	Solar	photocatalytic	degradation	of	4-chlorophenol
using	the	synergistic	effect	between	titania	and	activated	carbon	in	aqueous	suspension.	Pang,	Y.L.,	Abdullah,	A.Z.,	Bhatia,	S.,	2011.	grailresearch.com/pdf/ContenPodsPdf/Water-The_India_Story.pdf.	The	design	needs	to	consider	solid	retention	time	(SRT),	organic	loading	rate,	and	foodto-microorganism	ratio	(S/X).	Thus,	by	controlling	the	geometric
and	operating	conditions	of	the	reactor,	one	can	produce	the	required	intensity	of	the	cavitation	so	as	to	bring	about	the	desired	chemical	and/or	physical	change	with	maximum	efficiency.	Electrochemical	technology,	an	area	still	not	so	common	in	wastewater	treatment,	can	treat	a	vast	range	of	contaminants	of	high	concentrations	such	66	Industrial
Wastewater	Treatment,	Recycling,	and	Reuse	as	salts,	cyanides,	nitrites,	PCBs,	phenols,	heavy	metals,	hydrocarbons,	and	fats.	Ferhan,	C.,	2011.	For	industrial	wastewater	treatment	process	engineering,	typically	the	following	formats	are	most	popular.	Pore	diffusion	C.	This	method	offers	a	cost-effective	source	of	highly	oxidizing	species,	using	easy-
to-handle	reagents.	As	far	as	adsorptive	process	advances	are	concerned,	it	is	believed	that	cost	and	efficacy	of	pollutant	removal	will	drive	further	growth	in	this	area.	To	a	great	extent,	recently,	parts	of	the	world	have	already	started	feeling	the	“water	crunch.”	It	is	believed	that	by	2025,	India,	China,	and	select	countries	of	Europe	and	Africa	will
face	water	scarcity.	A	high	degree	of	substrate	conversion	is	the	primary	aim	in	aerobic	wastewater	treatment	(e.g.,	the	activated-sludge	process,	Environmental	Protection	Agency,	1997).	54,	48.	Temperature/climate	can	be	a	major	consideration	however,	especially	in	cold	regions	and	can	adversely	affect	the	microbial	activity	and	process
performance.	The	treatment	methodology	for	dye	industry	wastewaters	is	complex	and	diverse	depending	on	the	specific	characteristics	of	the	effluent;	by	and	large,	no	general	solutions	are	available.	Decreasing	cavitation	number	to	a	very	low	value	may	also	not	be	effective	due	to	conditions	of	super-cavitation	and	condition	of	optimum	cavitation
number	exists.	Frost	&	Sullivan	2011,	www.frost.com.	240,	ISBN:	91-973579-4-4.	For	example,	in	settling	tanks	or	clarifiers,	it	is	essential	to	design	the	configuration	in	such	a	way	that	settled	particles	are	not	re-entrained.	Zuo,	W.,	Zhang,	G.,	Meng,	Q.,	Zhang,	H.,	2008.	Case	studies	of	possible	zero	liquid	discharge	solutions	based	on	evaporation
technologies	are	presented	in	Chapter	13.	The	Central	Role	of	Wastewater	Management	in	Sustainable	Development,	UNEP	UN-HABITAT,	GRID-Arendal,	viewed	28	May	2013,	.	Kamyotra,	J.S.,	Bhardwaj,	R.M.,	2011.	43	(22),	8629–8634.	Removal	of	over	90%	could	be	obtained	at	elevated	pH	>	9.	The	first	line	is	for	bypass	and	the	second	line	is
described	as	main	line	which	contains	a	cavitating	device.	Transformation	of	2,4dichlorophenol	by	H2O2/UV-C,	Fenton	and	photo-Fenton	processes:	oxidation	products	and	toxicity	evolution.	Flow	regime	transitions	due	to	cavitation	in	the	flow	through	an	orifice.	It	has	been	observed	that	the	synergistic	effects	of	the	combined	process	of	cavitation
and	H2O2	are	obtained	up	to	an	optimum	concentration	of	H2O2.	Ranade,	Vinay	M.	Standard	method	to	calibrate	sonochemical	efficiency	of	an	individual	reaction	system.	181,	986.	This	chapter	provides	an	overview	of	key	aspects	and	technologies	for	wastewater	treatment,	recycling,	and	reuse	with	a	particular	focus	on	chemical	and	allied	process
industries.	Masomboon,	N.,	Ratanatamskul,	C.,	Lu,	M.-C.,	2009.	All	these	parameters	need	to	be	optimized	considering	interactive	effect	to	get	the	enhanced	cavitational	yield	from	the	HC	because	considering	only	one	parameter	in	the	design	of	a	cavitating	device	would	not	result	in	the	possible	optimization	of	all	cavitational	conditions	for	the
desired	effects.	Release	of	this	industrial	wastewater	into	the	environment	creates	a	significant	footprint	and	may	also	create	various	other	hazards.	A	103	(15),	2734–2739.	38,	502–511.	For	example,	a	water-intensive	crop	such	as	wheat	requires	350–600	m3	of	water	per	ton	of	grain,	and	the	sugar	cane	crop	requires	1400–2500	m3	of	water	per	ton
cane.	In	view	of	the	wide	range	of	pollutants	that	can	be	removed	by	activated	carbons,	adsorption	using	these	materials	is	very	frequently	used	as	a	process	in	secondary	treatment	to	remove	pollutants	that	are	toxic	to	microorganisms	of	biological	treatment—a	process	integration	strategy—or	as	an	independent	tertiary	treatment	process	for	the
removal	of	pollutants	to	achieve	desired	pollution	control	limits.	–	The	volume	of	wastewater	is	one	of	the	principal	criteria	for	the	design	of	effective	treatment	plants.	4.3	FENTON	PROCESS:	ADVANCED	OXIDATION	TECHNOLOGIES	The	Fenton	process	as	an	advanced	oxidation	technology	has	several	advantages:	1.	Moreover,	the	angle	of
incidence	of	the	UV	light	should	always	be	90	because	maximum	rates	are	observed	at	this	angle	of	incidence	(Ray	and	Beenackers,	1997).	Sonochemical	degradation	of	Basic	Blue	41	dye	assisted	by	nano	TiO2	and	H2O2.	Hiremath,	R.S.,	Bhandari,	V.M.,	Ranade,	V.V.,	2012.	From	Table	1.2	and	Figure	1.6	it	is	evident	that	thermal	power	plants,	steel
plants,	and	the	pulp	and	paper	industries	belong	to	the	class	of	the	most	water-intensive	industries	(UNIDO,	2011;	World	Water	Assessment	Programme,	2009).	Lee,	S.M.,	Tiwari,	D.,	Choi,	K.M.,	Yang,	J.K.,	Chang,	Y.Y.,	Lee,	H.D.,	2009.	In	addition,	the	maintenance	cost	for	catalyst	regeneration	and	UV	lamp	life	makes	this	process	even	more
expensive.	Different	equations	are	available	to	describe	adsorption	isotherms,	and	some	common	forms	are	listed	in	Table	2.2.	The	Langmuir	model	is	one	of	the	best	known,	theoretically	understood,	and	widely	applied	models.	(2013)	investigated	the	degradation	of	imidacloprid	in	aqueous	solutions	using	the	combination	of	HC	with	various	other
AOPs	such	as	Fenton,	photo-Fenton,	H2O2,	and	photocatalytic	processes.	Figure	1.2	Typical	water	consumption	pattern,	India.	The	wastewater	from	this	industry	emanates	a	foul	odor	and	has	somewhat	high	BOD,	of	the	order	of	400	mg/L	or	higher.	These	parameters	depend	on	the	geometry	of	the	cavitating	device	and	the	flow	conditions	of	the
liquid,	i.e.,	the	scale	of	turbulence	and	the	rate	of	pressure	recovery.	The	discharge	line	from	the	pump	is	branched	into	two	lines.	Moreover,	some	of	the	drawbacks	of	the	individual	techniques	can	be	eliminated	by	the	characteristics	of	other	techniques	(e.g.,	mass	transfer	limitations	and	fouling	of	the	catalyst	in	the	case	of	photocatalytic	oxidation
will	be	eliminated	by	the	turbulence	created	by	cavitation).	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	175	efficiency	of	photocatalytic	oxidation.	It	is	necessary	that	the	process	changes	be	tuned	not	just	to	lower	wastewater	generation	but	also	to	reduce	the	concentration	of	refractory	pollutants	in	the	wastewater	to
make	it	more	amenable	to	treatment.	dictates	the	column	utilization,	and	the	sharp/rectangular	form	of	the	curve	is	most	desirable.	BHANDARI	AMSTERDAM	•	BOSTON	•	HEIDELBERG	•	LONDON	NEW	YORK	•	OXFORD	•	PARIS	•	SAN	DIEGO	SAN	FRANCISCO	•	SINGAPORE	•	SYDNEY	•	TOKYO	Butterworth-Heinemann	is	an	imprint	of	Elsevier
Butterworth-Heinemann	is	an	imprint	of	Elsevier	The	Boulevard,	Langford	Lane,	Kidlington,	Oxford,	OX5	1GB,	UK	225	Wyman	Street,	Waltham,	MA	02451,	USA	First	published	2014	Copyright	©	2014	Elsevier	Ltd.	Recovery	of	tartaric	and	malic	acids	from	dilute	aqueous	effluents	by	solvent	extraction	technique.	20	(1),	345–353.	3.5	HYBRID
METHODS	The	different	AOPs	discussed	above	are	capable	of	degrading	organic	pollutants	to	a	certain	extent	depending	on	the	pollutant	to	be	treated.	The	dissociation	energy	for	the	O-O	bond	in	H2O2	is	only	213	kJ/mol,	which	is	significantly	less	than	that	of	the	O-H	bond	in	H2O,	which	is	418	kJ/mol	(Pang	et	al.,	2011).	10.	Sirajuddin,	A.,	Rathi,
R.K.,	Chandra,	U.,	2010.	106B	(2–3),	115–125.	Tech.	Cooling	waters	from	the	steel	and	coke	industry,	therefore,	constitute	a	high	volume	and	can	have	contaminants	in	the	form	of	toxic	components	such	as	cyanide,	ammonia,	phenols,	and	metals.	¨	zdermir,	B.,	Turan,	M.,	Koyuncu,	I.,	Atesok,	G.,	Sarikaya,	H.Z.,	2001.	89	(6),	1366–1375.	Jorgensen,
T.C.,	Weatherley,	L.R.,	2003.	A	number	of	process	variations	are	possible	and	are	being	practiced	in	different	industries;	for	example,	a	re-aeration	tank	and	contact	tank	can	be	replaced	by	an	aeration	tank,	physical	surfaces	can	be	made	available	so	that	the	microorganisms	can	attach	and	grow,	and	different	reactors	can	be	configured.	With	more
stringent	rules	and	regulations	imposed	by	government,	distillery	industries	have	been	forced	to	look	for	more	effective	treatment	technologies.	Many	researchers	have	studied	Fenton	chemistry	for	the	oxidation	of	different	organic	pollutants,	including	aromatic	and	phenolic	compounds,	pesticides,	herbicides,	and	organic	dyes	(Bigda,	1996;	Karci	et
al.,	2012;	Kusic	et	al.,	2006;	Ma	et	al.,	2005;	Martinez	et	al.,	2003;	Sun	et	al.,	2007;	Xue	et	al.,	2009).	This	method	becomes	relevant	when	removal	of	heavy	metals	from	industrial	effluents	from	processes	relating	to,	for	example,	metallurgical,	metal	coatings,	dyes,	and	batteries	are	concerned.	Lee,	S.C.,	Kim,	H.C.,	2011.	Recovery	of	aconitic	acid	from
simulated	aqueous	effluents	of	the	sugar-cane	industry	through	liquid–liquid	extraction.	The	polymer	backbone	in	resin	is	essentially	hydrophobic,	while	the	pore	phase,	due	to	the	presence	of	ionic/ionogenic	functional	groups,	is	essentially	hydrophilic.	It	is	important	to	design	proper	sequencing	of	different	operations	to	meet	the	desired	levels	of
pollutants	in	the	treated	water,	keeping	cost	considerations	in	mind.	Environmental	Protection	Agency,	1997.	–	As	mentioned	earlier,	space	is	a	very	critical	commodity	today.	Metcalf	&	Eddy,	Inc.,	2003.	Moholkar	and	Pandit	(1997)	have	discussed	these	observations	in	terms	of	the	variation	in	the	turbulent	fluctuating	velocity	magnitude	with	the
orifice	dimensions	specifically.	The	pH	of	the	solution	must	be	adjusted	for	maintaining	the	stability	of	the	catalyst.	In	India,	in	view	of	its	developing	status,	industry	as	well	as	the	agricultural	sector	are	growing	and	require	water,	demand	for	which	is	also	growing	nearly	at	the	same	rate.	Production	of	nitric	acid	(used	for	nitrogen	fertilizers)	using
oxidation	of	ammonia	gas	requires	a	reaction	of	NO2	with	water.	(2012)	reported	the	use	of	HC	as	a	pretreatment	option	for	the	complex/recalcitrant	B-DWW.	This	is	especially	important	in	view	of	the	scarcity	of	water	resources	in	several	parts	of	the	world	that	would	demand	water	conservation,	quite	apart	from	environmental	pollution	control.	This
number	of	free	radicals	depends	on	the	intensity	of	cavity	collapse	and	the	number	of	cavitating	events,	which	in	turn	depends	on	the	operating	intensity	of	irradiation.	Many	times,	the	reactive	dyes	are	considered	refractory	pollutants	that	are	difficult	to	degrade	using	conventional	physico-chemical	and	biological	methods.	If	used	individually,	the
efficiency	of	H2O2	in	oxidizing	organic	pollutants	is	low	because	of	poor	dissociation	of	H2O2	into	•OH	radicals	under	the	conventional	stirred	conditions.	Activated	Carbon	for	Water	and	Wastewater	Treatment:	Integration	of	Adsorption	and	Biological	Treatment,	first	ed.	76,	143–147.	This	can	result	in	the	immediate	collapse	of	cavities	without
attaining	maximum	size	(smaller	life	time),	thereby	causing	reduced	degradation	efficiency	(pollutant	molecules	experience	cavitational	conditions	over	a	shorter	time	due	to	the	shorter	life	span	of	the	cavitational	bubble).	Inorganic	polymer	PAC	performs	much	better	as	compared	to	conventional	inorganic	coagulants	such	as	ferrous	sulfate	or	alum.
Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	0.01–2	mg/L	Batteries,	electrochemical	cells,	semiconductor	devices,	incinerators,	leachates	from	landfill	sites,	plating,	pigment,	gypsum	manufacturing	Treatment	Methods	53	54	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Overall,	industrial	wastewater	effluents
usually	contain	mixtures	of	various	toxic	metals.	Thus,	in	this	context,	it	becomes	necessary	to	look	at	the	sustainability	of	both	the	environment	and	industry	(Figure	1.7)	simultaneously	and	holistically.	(Eds.),	Activated	Carbon	for	Water	and	Wastewater	Treatment:	Integration	of	Adsorption	and	Biological	Treatment.	The	application	of	nanomaterials
and	nanotechnology	in	industrial	wastewater	treatment	also	needs	careful	evaluation.	Wang,	X.,	Zhang,	Y.,	2009.	Wastewater	aeration	in	the	presence	of	a	microbial	suspension.	Implications	of	weak	donnan	potential	in	ion-exchange	reactions.	Photocatalytic	oxidation	of	organic	acids	in	aqueous	media	by	a	supported	catalyst.
com/products/mixit.html).	Maturana,	A.H.,	Peric,	I.M.,	Rivas,	B.L.,	Pooley,	S.A.,	2011.	The	oxidation	products	are	generally	less	complex	and	can	be	treated	by	conventional	biological	methods.	This	one	example	should	be	an	eye	opener	for	both	environmental	bodies	and	industries	and	clearly	highlights	the	importance	of	water	recycling	and	reuse	in
an	appropriate	manner.	Hydrodynamic	cavitation	for	sonochemcial	effects.	Ahmaruzzaman,	M.,	Gayatri,	S.L.,	2011.	Am.	Chem.	This	can	be	done	by	using	transparent	line	(such	as	a	glass	line)	that	can	be	covered	by	a	UV	lamp,	thus	making	it	almost	a	simultaneous	process	rather	than	sequential.	Separation	processes	such	as	liquid-liquid	extraction
(electrowinning)	are	used	to	recover	Cu	metals	from	their	leach	solution	in	wastewater.	Thus,	dual-	or	triple-frequency	reactors	148	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	are	recommended	for	use	that	will	also	give	similar	results	as	a	single	very	high	frequency	transducer,	but	with	minimal	erosion	problems.	Polym.	Adsorption	of
lactic	acid	from	fermentation	broth	and	aqueous	solutions	on	zeolite	molecular	sieves.	Chemical	and	thermal	stability,	low	solubility	to	minimize	operational	losses.	The	exchange	of	a	hydroxyl	ion	with	a	chloride	ion	of	the	acid	on	a	strong	base	resin	(polymer	is	indicated	with	the	notation	P,	while	alkyl	groups	are	denoted	by	R1,	R2,	and	R3)	can	be
shown	as:	R1	P	N+	R3	R1	−	R2	OH	+	H+	Cl−	P	N+	R2	Cl−	+	H2O	R3	However,	weak	base	resins	are	the	exception	to	this	format;	here	the	resins	offer	ionogenic	sites	on	the	polymer	matrix	that	can	get	ionized	with	106	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	the	proton	of	the	acid	subsequently	attaching	the	anion	to	it	without	any
exchange	of	ions	as	shown	below:	R1	P	N:	+	R2	R1	HCI	P	NH+	Cl–	R2	In	this	respect,	it	can	be	said	that	weak	base	resin	is	not	a	true	ion	exchange	resin	and	differs	significantly	in	its	form	and	in	action.	Amarasinghe,	U	A,	Shah,	T,	Turral	H,	Anand,	B.	Overall,	it	can	be	concluded	that	hybrid	methods	(combination	of	different	AOPs)	are	more	energy
efficient	than	the	individual	AOPs	because	the	drawback(s)	in	one	process	can	be	eliminated	through	the	use	of	other	processes.	Can	be	a	pre-	or	posttreatment	step	for	a	biological	process	6.	Also,	if	there	is	a	choice	for	the	magnitude	of	the	flow	area,	a	lower	percentage	area	should	be	chosen	because	with	a	decrease	in	flow	area,	the	intensity	of
cavitation	increases.	Catalyst	Today	54	(2–3),	255–265.	Apart	from	the	development	of	newer	coagulants,	a	more	common	approach	in	recent	years	is	to	integrate	advantages	of	inorganic	and	organic	coagulants	in	the	form	of	coagulant	formulation	(through	physical	blending	or	chemical/functional	modifications).	Tripp	Morris	11.1	Introduction	11.2
3D	TRASAR	Technology	for	Sugar	11.3	3D	TRASAR	Technology	for	Membranes	11.4	Summary	Acknowledgment	References	435	437	448	461	462	462	Contents	12.	Figure	2.3	demonstrates	performance	of	coagulation	(visually)	in	dye	wastewater	treatment	for	different	coagulant	doses	showing	clearly	stepwise	reduction	in	color	and	sludge.	The
following	section	provides	a	brief	overview	of	water	availability	and	usage.	2.	Kalyanraman,	R.R.	Sonde	10.1	Introduction	10.2	Existing	Technologies	for	the	Treatment	of	Sewage	in	India	10.3	Introduction	to	the	AnMBR	10.4	Development	of	AnMBR	and	Evaluation	Studies	Undertaken	10.5	Summary	and	Conclusions	10.6	Future	Scope	and	Research
Needs	Acknowledgments	References	Further	Reading	11.	The	content	may	also	be	useful	as	a	study	material	for	an	in-house	course,	operation	and	optimization	of	wastewater	treatment	plants,	or	a	companion	book	while	solving	practical	problems.	Ultrasound	assisted	synthesis	of	polyacrylic	acidnanoclay	nanocomposite	and	its	application	in
sonosorption	studies	of	malachite	green	dye.	176	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Figure	3.11	Reaction	pathways	of	the	photo-Fenton	process.	pressure	gauges,	and	valves	(see	Figure	3.10).	Acetic	acid	recovery	methods.	31,	1060–1073.	Just	as	in	the	rest	of	the	world,	the	major	source	of	water	for	industry	is	surface	water.
Sugar	J.	It	is	therefore	advisable	to	address	the	cost	calculation	issue	from	a	specific	separation	process	point	of	view	as	a	preliminary	criterion	for	the	selection	of	a	particular	method.	As	seen	in	Figure	2.1,	the	central	theme	of	any	chemical	plant	is	a	reaction	process	that	has	inputs	in	the	form	of	reactants,	solvent/catalyst	(if	any),	and	utilities	such
as	cooling	water,	steam,	and	inert	gases.	Thus,	the	application	of	slurry	reactors	for	photocatalytic	treatment	on	a	large	scale	seems	to	be	quite	problematic.	Overview	of	the	urban	water	scenario,	treatment	methods,	and	potential	for	reuse	in	the	industrial	setup	are	presented	in	Chapter	7.	Some	of	the	secondary	effects	resulting	from	the	cavity
collapse	are	chemical	transformation	(chemical	bond	breakage)	that	releases	highly	reactive	free	radicals,	physical	cleaning	of	solid	surfaces,	and	enhancement	in	diffusive	mass	transfer	rates.	The	typical	HC	setup	used	in	this	study	consisted	of	a	closed	loop	including	a	feed	tank,	positive	displacement	pump	(P	¼	1.1	kW),	–	O	+	N	N	N	CI	N	Figure
3.12	Chemical	structure	of	imidacloprid.	2008.	Conservation	of	water	and	wastewater	treatment,	recycling,	and	reuse	in	different	formats	is	the	only	answer	for	realizing	sustainability.	Phys.	Bioresour.	The	optimum	frequency	found	in	the	acoustic	cavitation	reactor	depends	on	the	type	of	pollutant	to	be	treated	and	the	concentration	along	with	the
reactor	configuration	(Weavers	et	al.,	1998).	Ammoniacal	nitrogen	can	create	complexities	in	the	selection	of	suitable	wastewater	treatment	methodologies.	Thus,	laboratory-scale	studies	are	required	to	establish	the	optimum	loading	of	ferrous	ions	under	similar	conditions	unless	data	is	available	in	the	open	literature.	Generally,	the	combination	of
two	or	more	AOPs,	such	as	cavitation/	ozone,	cavitation/H2O2,	cavitation/photocatalysis,	and	cavitation/Fenton,	186	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	leads	to	an	enhanced	generation	of	the	hydroxyl	radicals,	which	eventually	results	in	higher	oxidation	rates.	These	processes	include	cavitation	(generated	either	by	means	of
ultrasonic	irradiation	or	using	constrictions	such	as	valves,	orifices,	and	venturi	in	hydraulic	devices)	(Adewuyi,	2001;	Hua	and	Hoffmann,	1997;	Joshi	and	Gogate,	2012;	Saharan	et	al.,	2011;	Sivakumar	and	Pandit,	2002;	Wang	et	al.,	2008;	Weavers	et	al.,	1998),	photocatalytic	oxidation	(using	ultraviolet	radiation/near	UV	light/sunlight	in	the	presence
of	a	semiconductor	catalyst)	(Adewuyi,	2005;	Cao	et	al.,	2006;	Konstantinou	and	Albanis,	2004;	Lin	et	al.,	2012),	and	Fenton	chemistry	(using	the	reaction	between	Ferrous	sulphate	and	hydrogen	peroxide	(H2O2),	i.e.,	Fenton’s	reagent)	(Karci	et	al.,	2012;	Kusic	et	al.,	2006;	Xue	et	al.,	2009).	Type	II	and	Type	IV	are	typically	multilayer	adsorptions	that
are	most	common	in	effluent	treatment,	while	Type	III	and	Type	V	indicate	strong	attraction/bonding	between	the	molecules.	Treatment	of	excess	sludge	4.	Azo	dye	degradation	using	Fenton	type	processes	assisted	by	UV	irradiation:	a	kinetic	study.	78	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Department	of	Chemicals	and
Petrochemicals,	Annual	Report	2011–12,	viewed	23	May	2013,	20Report%202011-2012.pdf.	All	have	to	overcome	some	drawbacks	for	their	efficient	operation.	32,	200–206.	As	in	the	case	of	acoustic	cavitation,	the	material	and	fabrication	costs	for	the	transducers	are	very	high,	making	it	an	uneconomical	operation	to	be	tried	on	industrial	scale.
Figure	1.20	qualitatively	presents	the	status	of	different	technologies	where	the	use	of	the	technology	is	plotted	against	its	technological	maturity.	3.6.1.1	Degradation	of	Imidacloprid	Using	HC-Based	Hybrid	Method	The	degradation	of	imidacloprid	using	HC	was	carried	out	at	different	operating	inlet	pressures	and	solution	pHs.	The	results	obtained
for	different	processes	are	shown	in	Table	3.1.	It	was	observed	that	the	rate	of	degradation	of	imidacloprid	increases	with	an	increase	in	the	inlet	pressure	until	15	bar,	after	which	an	increase	in	the	inlet	pressure	does	not	have	a	significant	effect	on	the	rate	of	degradation	of	imidacloprid.	1.5.2	Dye	Wastewater	Treatment	1.5.2.1	Indian	Scenario	The
dye	sector	in	India	has	major	contributions	from	the	dyes/dye	intermediates-producing	industry	and	the	pigment	industry	as	well	as	from	end	user	industries	that	are	closely	associated	with	this	entire	sector,	such	as	textiles,	paint/ink,	paper,	and	leather,	and	polymers	and	plastics.	Kinetic	behavior	of	weak	base	anion	exchangers.	Fayolle,	Y.,	Cockx,	A.,
Gillot,	S.,	Roustan,	M.,	He´duit,	A.,	2007.	If	there	are	priority	pollutants,	it	is	recommended	that	those	streams	be	separated	from	general	plant	effluents	and	treated	separately	using	an	appropriate	method.	However,	the	poor	energy	efficiency	of	the	US	reactor	makes	these	processes	uneconomical	on	a	larger	scale.	Various	methods	are	available	to
treat	waste	effluent;	the	operation	of	a	typical	wastewater	treatment	unit	utilizes	a	combination	of	various	physical,	chemical,	and	biological	processes.	The	United	Nations	World	Water	Development	Report	3:	Water	in	a	Changing	World.	It	may	also	be	used	as	a	basic	resource	of	methodologies	for	wastewater	treatment,	recycling,	and	reuse	and
making	decisions	in	practice.	wt.,	mixed	functionality,	functionality	ratio,	etc.	Central	Pollution	Control	Board,	Ministry	of	Environment	&	Forests,	2007b.	A	conventional	water	pattern	in	small-	to	medium-scale	dyestuff	manufacturers	is	shown	in	Figure	1.18.	Bigda,	R.J.,	1996.	It	is	indeed	a	huge	task	to	eliminate	the	pollution	effects	of	these	toxic
heavy	metals	by	bringing	down	concentrations	to	desired	levels.	Introduction	to	treatment	of	tannery	effluents—What	every	tanner	should	know	about	effluent	treatment,	Vienna,	2011	viewed	28	May	2013,	Publications/Pub_free/Introduction_to_treatment_of_tannery_effluents.pdf.	105	(1257),	412.	7	(3),	115–120.	The	fundamental	advantages	of
anaerobic	wastewater	treatment	are	the	following:	Untreated	wastewater	Primary	treatment	Waste	Microorganisms	+	Treated	wastewater	Anaerobic	CO2	+	CH4	Sludge	for	disposal	Figure	1.16	Schematic	of	anaerobic	biological	wastewater	treatment	process.	Sutkar,	V.S.,	Gogate,	P.R.,	2009.	1	2	Industrial	Wastewater	Treatment,	Recycling,	and
Reuse	Table	1.1	Typical	water	uses	in	chemical	and	allied	industries	Usage	Volume	Extent	of	contamination	Reactant	Solvent	Cleaning/stripping	agent	Cooling	water	Boiler	water	Low	Low	Medium	Large	Large	High	High	Medium	Low	Low	In	the	fertilizer	industry	water	is	used	as	a	reactant.	This	would	include	salts	and	inorganics	such	as	metal	ions
in	the	wastewaters.	Anomalous	sorption	behavior	of	phosphoric	acid	on	weak	base	resins.	Hence,	depending	on	the	final	objective	of	the	pretreatment,	HC	can	be	effectively	utilized	for	the	treatment	of	complex	wastewater	pollutants	such	as	B-DWW.	For	desorption,	the	above	steps	occur	in	reverse	order.	Extraction	of	zinc	(II)	with	selected
phosphonium	ionic	liquids.	No	large	aerators	are	required.	The	capacity,	selectivity,	and	specificity	of	existing	ion	exchange	material	issues	are	major	impeding	factors	to	improved	efficiencies	in	treating	dilute	solutions	of	wastewaters,	be	they	from	the	chemical	or	biochemical	industry.	PCT	Int.	Aerobic/anaerobic	treatment	58	Industrial	Wastewater
Treatment,	Recycling,	and	Reuse	3.	Elsevier,	Amsterdam.	Desalination	Resource	and	Guidance	Manual	for	Environmental	Impact	Assessments.	This	should	be	avoided	to	obtain	the	maximum	effect	(Saharan	et	al.,	2011).	Ranade,	V.V.,	Kulkarni,	A.A.,	Bhandari,	V.M.	2013.	In	general,	inorganic	coagulants	produce	smaller	and	lighter	flocs	that	require
more	time	to	settle.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	157	This	exposes	pollutant	molecules	to	the	cavitating	conditions	for	a	longer	time.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	85	Figure	2.2	Flowchart	of	decision	making	involved	in	industrial	wastewater	treatment.	43
(6),	1641–1648.	Ion	Exchange.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	153	In	HC,	the	cavitational	yield	(e.g.,	the	amount	of	pollutant	degraded/	mineralized	per	unit	energy	dissipated)	depends	on	the	intensity	of	cavity	collapse,	which	in	turn	depends	on	several	parameters,	such	as	number	of	cavitational	events,	the
maximum	size	of	the	cavity	reached	before	its	collapse,	and	the	surrounding	pressure	field.	The	design	of	the	adsorption	process	in	wastewater	treatment	involves	understanding	of	sorption	equilibria	and	kinetics	apart	from	other	aspects	for	commercial	viability.	Center	for	Waste	Reduction	Technologies	of	the	American	Institute	of	Chemical
Engineers,	New	York,	pp.	Kormann,	C.,	Bahnemann,	D.W.,	Hoffmann,	M.R.,	1991.	In	the	following	compression	cycle	of	the	sound	wave,	these	cavities	will	compress,	i.e.,	decrease	in	volume,	and	some	of	them	may	implosively	collapse.	The	different	reactor	configurations	used	so	far	for	evaluating	the	synergism	between	ultrasound	and	ultraviolet
irradiation	are	depicted	in	Figure	3.8	(batch	reactors)	and	Figure	3.9	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	173	Figure	3.8	Typical	schemes	used	for	the	combinatorial	effects	of	UV	and	ultrasonic	irradiations:	Batch	reactors.	Processes	2	(3),	149–156.	CSIR-NCL	Internal	Report.	H2O2	is	a	commonly	available
oxidizing	agent	that	can	be	used	for	the	treatment	of	wastewater	due	to	its	high	oxidation	potential	(1.78	V).	Development	of	new	adsorbent	materials	having	high	selectivity,	improved	stability,	and	with	more	favorable	geometries	and	better	kinetics	with	substantially	reduced	cost.	The	wastewater	generated	from	each	section	is	therefore	different,
both	qualitatively	and	quantitatively,	in	terms	of	pollution	levels.	T1	T6	Quartz	tube	T2	Effluent	UV	light	source	T3	T5	T4	Effluent	out	UV	tube	Ultrasound	transducers	Quartz	tube	Effluent	in	Triple	frequency	hexagonal	flow	cell	Figure	3.9	Typical	schemes	used	for	the	combinatorial	effects	of	UV	and	ultrasonic	irradiations:	Continuous	reactors.
However,	this	is	not	the	case	with	most	industrial	wastewaters	where	the	number	and	nature	of	pollutants	is	varied	and	complex;	usually,	advanced	methodologies	are	required	for	treating	these	high-strength	wastewaters.	Corcoran,	E.,	Nellemann,	C.,	Baker,	E.,	Bos,	R.,	Osborn,	D.,	Savelli,	H.	Merouani	et	al.	It	should	also	be	noted	that	the	optimum
value	will	be	strongly	dependent	on	the	type	and	concentration	of	the	pollutant,	as	well	as	the	rate	of	generation	of	free	radicals	(determined	by	the	operating	conditions	of	the	reactor),	and	laboratory-scale	experiments	are	required	to	compute	the	optimum	value.	Central	Pollution	Control	Board,	Ministry	of	Environment	&	Forests	2007a,	Advance
methods	for	treatment	of	textile	industry	effluents,	Resource	Recycling	Series:	RERES/&/2007,	viewed	28	May	2013,	NewItem_89_27.pdf.	of	India,	2009–10b.	These	newer	separation	processes	combine	or	redefine	finer	aspects	of	existing	methods,	for	example,	distillation,	extraction,	ion	exchange,	adsorption,	membrane	separation,	cavitation,	and
biological	processes.	Highly	selective	ion	exchange	materials	pose	serious	difficulty	in	regeneration:	The	more	favorable	the	loading,	the	more	difficult	the	unloading	is	the	operating	rule.	In:	Process	Intensification	Solvent	Extraction	Conference,	vol.	Comparative	photocatalytic	degradation	of	estrone	in	water	by	ZnO	and	TiO2	under	artificial	UVA	and
solar	irradiation.	Kang,	Y.W.,	Hwang,	K.Y.,	2000.	On	the	other	hand,	hybrid	methods	offer	higher	efficiency	over	individual	AOPs.	The	similarity	between	the	mechanism	of	destruction	and	optimum	operating	conditions	also	points	toward	the	synergism	between	these	methods.	Bremner,	D.H.,	Carlo,	S.D.,	Chakinala,	A.G.,	Cravotto,	G.,	2008.	Sun,	L.,
Miznikov,	E.,	Wang,	L.,	Adin,	A.,	2009.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	91	2.2.3	Advances	in	Coagulation	Process	and	Practice	The	use	of	a	single	coagulant,	usually	inorganic,	is	seldom	satisfactory	to	get	the	desired	coagulation	impact	in	wastewater	treatment.	Anaerobic	and	aerobic	digesters.	Regulatory
barriers	have	nearly	stopped	progress	in	opening	fundamentally	new	dyestuff	manufacturing	facilities.	Mass	transport	of	the	reactants	and	products	is	increased	at	the	catalyst	surface	and	in	the	solution,	due	to	the	facilitated	transport	by	shockwave	propagation.	36,	3165–3169.	High	concentrations	of	metals	are	undesirable,	due	to	the	chronic
toxicity	associated	with	many	metals	like	Cu,	Ni,	Cr,	Pb,	Hg,	to	name	a	few.	The	vortex	diodes	have	already	been	tested	using	up	to	40	m3/h	flow	rates	(Ranade	and	Bhandari,	2013).	B137,	581–590.	Some	of	these	limitations	are	explained	below.	The	overview	presented	here	should	be	useful	in	identifying	key	issues	and	facilitating	selection	of
appropriate	processes	for	treating	wastewater.	In:	AIChE	Symposium	Series,	No.	219,	vol.	Chem.	Wang,	X.,	Jia,	J.,	Wang,	Y.,	2011.	India	is	also	an	agriculture-based	country.	Thus,	for	the	same	power	density	(power	input	into	the	system	per	unit	volume	of	the	effluent	to	be	treated),	power	input	to	the	system	should	be	through	larger	areas	of
irradiating	surface.	Chemosphere	32	(9),	1709–1718.	24,	149–154.	The	hydraulic	energy	of	the	incoming	flow	needs	to	be	dissipated	in	order	to	avoid	turbulence	in	the	clarifier	(which	may	cause	re-entrainment).	Combining	H2O2	with	HC	leads	to	better	utilization	of	the	oxidant	and	hence	higher	degradation	rates	due	to	the	dissociation	of	H2O2
under	the	action	of	cavitation.	Nonselective	in	oxidation	of	organics	5.	Any	dose	below	or	above	this	optimum	concentration	will	again	stabilize	the	solution	adversely,	affecting	removal	of	pollutants	from	wastewaters.	182	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.6.2	Biodegradability	Enhancement	of	Distillery	Wastewater	Using	HC
Distilleries	are	considered	as	one	of	the	most	highly	polluting	industries	worldwide.	The	conventional	activated	process	was	highly	popular,	especially	before	2000.	The	following	reactions	take	place	during	the	degradation	of	pollutant	molecules	using	the	combined	cavitation	and	H2O2	process.	United	Nations	Environment	Programme,	Regional
Office	for	West	Asia,	Manama,	and	World	Health	Organization,	Regional	Office	for	the	Eastern	Mediterranean,	Cairo	.	An	Introduction	to	Biological	Treatment	and	Successful	Application	of	the	Aqua	EMBR	System	in	Treating	Effluent	Generated	from	a	Chemical	Manufacturing	Unit:	A	Case	Study	369	Nilesh	Tantak,	Nitin	Chandan,	Pavan	Raina	9.1
Introduction	9.2	Secondary	Wastewater	Treatment	9.3	Aerobic	Treatment	Principle	369	370	372	viii	Contents	9.4	9.5	9.6	9.7	9.8	Different	Types	of	Aerobic	Treatment	Technologies	Membrane	Bioreactor	Technology	Aquatech	MBR	System	Case	Study	Typical	Characteristics	of	Polymer-Based	Chemical	Manufacturing	Industrial	Wastewater	9.9
Technology	Selection	9.10	Scheme	and	Process	Description	9.11	Results	and	Discussion	9.12	Application	of	Submerged	MBR	9.13	Summary	References	374	377	381	386	387	388	389	391	395	397	397	10.	It	also	highlights	opportunities	in	the	existing	technologies	along	with	industrial	practices	and	real-life	case	studies.	Membrane	processes,	as	a
general	sieving	process,	are	not	cost	intensive	but	physicochemical	processes,	for	example	facilitated	transport,	hybrid	membranes,	and	ion	exchange	membranes,	can	substantially	add	to	the	process	costs,	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	133	not	just	because	of	the	cost	of	membrane	material,	but	also
because	of	associated	costs	of	operation,	and	in	such	cases,	these	processes	no	longer	remain	a	competitive	option.	Fenton	degradation	of	organic	compounds	promoted	by	dyes	under	visible	irradiation.	19	(5),	1027–1032.	We	hope	that	this	book	will	stimulate	further	work	in	this	very	important	area	from	an	industrial	as	well	as	from	a	scientific	point
of	view.	Recent	advances	in	understanding	the	physics	of	flows,	numerical	methods	to	solve	complex	partial	differential	equations	and	computing	power,	and	the	CFD	simulations	(numerical	solutions	of	the	model	equations	using	computers)	allow	users	to	make	a	priori	predictions	of	the	flow	field	and	therefore	have	opened	up	several	new
opportunities	to	optimize	a	variety	of	processes.	However,	many	times,	the	strategy	can	involve	changes	in	the	manufacturing	process	itself,	consequently	redefining	the	wastewater	treatment	problem	because	the	nature	and	concentration	of	the	pollutants	are	drastically	altered	in	such	cases	because	of	changes	in	solvent,	catalyst,	or	raw	material.
(2007)	have	demonstrated	use	of	CFD	models	for	predicting	oxygen	transfer	in	aeration	tanks.	Performance	evaluation	of	effluent	treatment	plant	for	textile	industry	in	Kolhapur	of	Maharashtra.	Indeed,	combinations	of	these	AOPs	should	give	better	results	when	compared	to	individual	techniques.	In	general,	the	treatment	methodology	follows	the
following	steps:	1.	Urban	Wastewater	and	Agricultural	Reuse	Challenges	in	India.	The	cost	benefits	include	reduced	freshwater	requirements	and	thus	lowered	costs	of	obtaining	water,	conserving	fresh	water	resources,	improving	soil	conditioning	through	nitrogen/phosphates	in	the	recycled	water,	and	preventing	discharge	of	pollutants	to	surface
and	groundwater.	Further,	reactive	dyes	are	not	easily	biodegradable;	even	after	extensive	wastewater	treatment,	color	is	likely	to	remain	in	the	effluent.	The	scarcity	of	water	could	be	in	the	form	of	physical	scarcity,	where	water	availability	is	limited	and	demands	are	not	met,	or	it	could	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An
Overview	3	be	in	the	form	of	economic	scarcity,	where	although	water	is	available,	there	are	no	means/infrastructure	to	provide	water	of	the	quantity	and	quality	needed.	The	first	starting	point	in	the	wastewater	characterization	is	the	identification	of	the	source	of	generation.	Helfferich,	F.G.,	1962.	Prom.	Although	successful	on	a	laboratory	scale,
this	process	finds	lesser	application	on	an	industrial	scale	because	of	its	ineffectiveness	in	reducing	certain	refractory	pollutants	such	as	acetic	acid,	acetone,	carbon	tetrachloride,	methylene	chloride,	n-paraffins,	maleic	acid,	malonic	acid,	oxalic	acid,	and	trichloro-ethane,	and	due	to	the	high	cost	of	chemical	reagents	used	Advanced	Oxidation
Technologies	for	Wastewater	Treatment:	An	Overview	159	in	this	process.	Desalination	222,	187–196.	CSIR-NCL	interacts	closely	with	the	chemical	industry	in	India	and	abroad	and	develops	knowledge	base	and	intellectual	properties	to	address	the	relevant	problems	of	this	industry.	Yuan,	Y.-L.,	Wen,	Y.-Z.,	Li,	X.-Y.,	Luo,	S.-Z.,	2006.	By	definition,
adsorption	is	clearly	a	surface	phenomenon	incorporating	wide	variation	in	the	surface	interactions	that	range	from	very-low-strength	van	der	Waals	forces	to	strong	bond	formation.	The	kinetics	and	pressure	drop	considerations	dictate	the	selection	of	suitable	resin	bead	size.	It	is	important	to	recover	valuable	chemicals	and	other	materials	from
waste	to	improve	profitability	and	to	recycle	important	constituents	of	the	waste	stream	where	possible.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	191	Wang,	J.,	Wang,	X.,	Guo,	P.,	Yu,	J.,	2011a.	3D	TRASAR™	Technologies	for	Reliable	Wastewater	Recycling	and	Reuse	399	403	407	412	430	432	432	433	434	435	Manish
Singh,	Ling	Liang,	Atanu	Basu,	Michael	A.	If	you	are	author/publisher	or	own	the	copyright	of	this	documents,	please	report	to	us	by	using	this	DMCA	report	form.	1.7	ADVANCED	MODELING	FOR	WATER	TREATMENT	Apart	from	developing	newer	methods	for	treating	industrial	wastewater,	there	is	an	increasing	trend	of	using	advanced
computational	modeling	for	developing	better	water	treatment	solutions.	The	opposing	effects	of	liquid	properties	give	ample	scope	for	optimization.	As	mentioned	earlier,	the	combined	formulation	works	better	with	wider	pH	range	than	that	with	individual	coagulants.	Anwar,	M.M.,	Hanson,	C.,	Pratt,	M.W.T.,	1971b.	When	the	liquid	passes	through
the	reduced	cross-sectional	flow	area	of	the	constriction,	the	kinetic	energy/velocity	of	the	liquid	increases	at	the	expense	of	the	pressure.	34	(10),	2786–2790.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	Fe2	+	+	H2	O2	!	Fe3	+	+	OH	+	•	OH	177	(3.44)	3+	The	resulting	Fe	ions	can	react	with	H2O2	(Equation	3.45)	to
produce	the	intermediate	complex	(Fe-OOH2+),	which	can	easily	get	converted	into	Fe2+	and	HO•2	under	cavitating	conditions	(Equation	3.46)	(Merouani	et	al.,	2010;	Pang	et	al.,	2011).	Pandit	3.1	Introduction	3.2	Cavitation	141	142	v	vi	Contents	3.3	Fenton	Chemistry	3.4	Photocatalytic	Oxidation	3.5	Hybrid	Methods	3.6	Case	Studies	3.7	Summary
References	4.	Cr	is	a	common	pollutant	in	the	plating	industry,	and	it	is	desirable	to	reduce	hexavalent	Cr	to	trivalent	Cr	for	effective	removal.	We	would	like	to	acknowledge	financial	support	from	CSIR	for	the	Indus	MAGIC	(CSC123)	project	that	allowed	us	to	undertake	our	work	on	wastewater	treatment	and	develop	this	book.	¨	.,	1993.	46	Industrial
Wastewater	Treatment,	Recycling,	and	Reuse	Hybrid	separations	and	technologies	are	required	mainly	for	the	following:	–	To	increase	process	efficiency	along	with	cost	effectiveness	–	To	comply	with	stringent	pollution	control	norms	–	To	take	advantage	of	various	new	developments	in	the	separations	area	including	new	devices/processes.	Can.	14
(2),	157–162.	In:	IIChE	Conference,	Chemcon-2006,	Bharuch.	On	the	other	hand,	HC	can	be	used	more	effectively	on	a	larger	scale	in	combination	with	O3.	35,	3738–3742.	High	rate	–	Short	detention	time	and	high	F/M	ratio	in	aerator	to	maintain	culture	in	the	log-growth	phase.	Han,	J.,	Liu,	Y.,	Singhal,	N.,	Wang,	L.,	Gao,	W.,	2012.	158	(3),	550–557.
Zeolites	typically	have	useful	properties	through	their	cage-like	defined	pore	structures	and	ionic	framework.	Pretreatment	with	filtration	or	carbon	adsorption	is	necessary	because	Fe	ions	are	highly	prone	to	scale	forming	or	fouling	of	the	membranes.	Wang,	X.,	Jia,	J.,	Wang,	Y.,	2011b.	Jiang,	J.-Q.,	Ashekuzzaman,	S.M.,	2012.	This	results	in	higher
transformational	yields.	Sonochemical	degradation	of	chlorophenols	in	water.	It	is	also	one	of	the	most	common	two-parameter	isotherms	applied	for	wastewater	treatment.	The	design	has	also	resulted	in	a	patent	(Pophali	et	al.,	2009).	Development	of	reactive	separation	for	effluent	treatment,	which	is	not	seriously	considered,	probably	for	the
reason	that	very	low	concentrations	are	involved.	Adsorption	3.	Further,	many	of	the	physicochemical	methods	can	be	aptly	integrated	with	biological	methods	of	treatment;	this	aspect	also	requires	careful	consideration.	However,	care	should	be	taken	when	selecting	the	operating	oxidant	dosage.	Two	methods	have	been	compared,	carbon
adsorption	from	the	class	of	physico-chemical	methods	and	a	biological	method.	This	will	assist	in	devising	a	suitable	strategy	for	management	of	waste	streams,	discussed	later	in	this	chapter.	Examples	of	food	processing	wastewater	treatment,	viewed	10	May	2013,	.	Such	effluent	must	be	treated	prior	to	discharge	in	order	to	comply	with	the
environmental	protection	laws	for	the	receiving	waters.	Thus,	the	expected	synergism	between	these	two	modes	of	irradiation	can	be	possibly	attributed	to:	1.	608–614.	Lee,	S.C.,	Hyun,	K.-S.,	2010.	Although	the	polymer	backbone	is	also	believed	to	have	some	role	in	the	removal	of	contaminants,	for	all	practical	purposes,	surface	functionality	on	the
polymers	is	crucial	in	deciding	the	separation	of	pollutant	species	from	the	solution.	Series:	CUPS/70/2009-10,	viewed	28	May	2013,	http://	www.cpcb.nic.in/upload/NewItems/NewItem_153_Foreword.pdf.	A	schematic	representation	of	the	Fenton	oxidation	treatment	is	shown	in	Figure	3.5.	Hydrogen	peroxide	Alkaline	agent	Polymer	coagulant	Iron
chloride	(II)	pH	adjusting	agent	Raw	waste	water	Treated	water	Oxidation	reaction	tank	Neutralization	tank	Flocculation	tank	Solid-liquid	separation	tank	Figure	3.5	Treatment	flowsheet	for	Fenton	oxidation.	A	recent	review	on	inorganic	adsorbents	has	suggested	detailed	studies	to	explore	the	feasibility	of	replacing	activated	carbon	with	low-cost
inorganic	adsorbents,	such	as	modified	clays	and	zeolites	for	water	and	wastewater	treatment	that	can	be	used	for	removal	of	metals	and	trace	organics	(Jiang	and	Ashekuzzaman,	2012).	But	for	the	enhancement	in	the	biodegradability	of	B-DWW,	the	observed	conditions	are	different.	Different	designs	of	cavitating	devices	can	be	constructed	using
the	variations	in	these	parameters	which	can	aid	in	controlling	the	cavitational	intensity.	(1999;	Figure	1.23).	Computational	Flow	Modeling	for	Chemical	Reactor	Engineering.	REFERENCES	Abbasi,	M.,	Asl,	N.R.,	2008.	Disposal	of	excess	biomass	and	return	of	remaining	biomass	to	the	aeration	tank.	It	appears	that	hybrid	processes	combining	two	or
more	processes	would	have	significant	potential	from	a	commercial	viewpoint.	This	interrelationship	is	extremely	important	in	defining	the	industrial	wastewater	treatment	problem.	Shorter	wavelengths	are	recommended	for	better	results.	Control	valves	(V1,	V2,	and	V3)	are	provided	at	appropriate	places	in	the	bypass	line	and	before	cavitating
devices	in	main	line	to	control	the	flow	through	the	cavitating	device.	The	important	advantage	of	the	Fenton	process	is	that	oxidation	and	coagulation	take	place	simultaneously	(Barbusi	nski,	2009).	As	a	consequence,	the	industrial	wastewater	treatment	methodology	inherently	requires	flexibility	to	absorb	these	changes	in	the	processing	without
affecting	the	efficiency	and	final	goals	of	pollution	control.	Sono-assisted	photocatalytic	degradation	of	styrene-acrylic	acid	copolymer	in	aqueous	media	with	nano	titania	particles	and	kinetic	studies.	It	can	be	applied	over	a	wide	range	of	concentrations	for	several	solid-liquid	adsorption	equilibrium	data.	The	values	of	k	for	several	priority	pollutants
(e.g.,	nitrobenzene,	styrene,	chlorobenzene,	bromoform)	are	in	the	range	60–360	mg/g	and	the	values	of	1/n	¼	0.12–0.98	(Munter,	2000).	Water	recycling	and	reuse	should	also	be	considered	in	addition	to	elimination	of	pollution.	Moholkar,	V.S.,	SenthilKumar,	P.,	Pandit,	A.B.,	1999.	the	ability	to	increase	the	BOD/COD	ratio	of	wastewater,	thus
improving	the	treatability	of	the	wastewater	by	conventional	biological	means.	10,	93–127.	Evaporation	of	water	is	sometimes	considered	for	improving	process	performance.	For	example,	the	efficiency	of	photocatalytic	oxidation	is	severely	hampered	by	two	main	factors,	mass	transfer	limitations	and	fouling	of	the	solid	catalyst;	however,	Advanced
Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	167	if	the	photocatalytic	oxidation	technique	is	used	in	combination	with	ultrasonic	irradiation,	not	only	the	rate	of	generation	of	hydroxyl	radicals	is	increased	(due	to	increased	energy	dissipation	and	generation	of	extreme	conditions	of	temperature	and	pressure	due	to	the	cavitation
phenomena),	but,	also,	because	of	the	acoustic	streaming	and	turbulence	created	by	ultrasonic	irradiation,	mass	transfer	resistance	will	be	eliminated.	Multiplefrequency	reactors	have	also	been	found	to	generate	more	intense	and	spatially	uniform	cavitation	as	compared	to	reactors	with	single	frequency	and/or	single	transducer	operations;	thus,
these	give	better	destruction	efficiency	(Sivakumar	et	al.,	2002).	Composite	membranes	formed	by	plasma-polymerized	Cho,	D.L.,	Ekengren,	O	acrylic	acid	for	ultrafiltration	of	bleach	effluent.	McGraw-Hill	Co,	New	York.	6,	129–135.	The	selection	and	practice	of	any	particular	method	depends	largely	on	a	variety	of	factors,	the	most	important	being
quality	of	wastewater	in	terms	of	number	and	nature	of	pollutants	and	desired	level	of	reduction	of	these	pollutants.	One	further	factor	suggesting	that	the	two	techniques	will	give	better	results	when	operated	in	combination	is	the	fact	that	for	both	the	techniques	(UV	and	cavitation),	the	basic	reaction	mechanism	is	the	generation	of	free	radicals	and
subsequent	attack	by	these	on	the	pollutant	species.	The	BOD	level	in	wastewater	is	also	an	order	of	magnitude	higher	in	the	brewery	industry	as	compared	to	that	in	the	beverage	industry.	32,	755–762.	Therefore,	only	information	pertaining	to	wastewater	treatment	is	discussed	here.	The	final	result	in	the	above	example	of	industrial	wastewater
treatment	is	shown	in	Figure	2.20,	where	practically	clear	water	can	be	obtained	using	process	integration	with	cavitation	and	ion	exchange.	It	can	be	executed	by	mixing	readily	available	oxidants	and	catalysts	(see	Figure	4.1;	www.xh2osolutions.com).	2,	911	pp.	Mishra,	K.P.,	Gogate,	P.R.,	2010.	1,	40–43.	Australian	Patent	No.	2007330354.	Water
SA	28,	329–336.	The	divergent	angle	should	be	optimized	for	the	desired	cavitational	intensity	because	a	venturi	with	a	larger	divergent	angle	will	behave	as	an	orifice	plate	and	will	not	enhance	cavity	growth.	–	How	the	rate	can	be	predicted.	The	reaction	component	of	the	process	therefore	deals	with	selection	of	suitable	raw	materials,	reaction
process,	and	reactors;	the	final	objective	is	to	have	a	most	efficient	and	environmentally	friendly	reaction	process.	HC	coupled	with	H2O2	can	be	used	on	a	larger	scale	due	to	its	potential	in	generating	cavitational	conditions	similar	to	those	generated	in	acoustic	cavitation	and	that	too	on	a	larger	scale.	Manage.	152	(2–3),	498–502.	Yawalkar	et	al.
The	charge	typically	comes	from	lattice	imperfections,	ionizable	groups	that	become	ionic	species	in	water	(e.g.,	amino	or	hydroxyl	groups),	or	from	ionic	species	that	can	get	adsorbed	on	the	surface	of	the	colloid.	For	example,	with	an	inorganic	coagulant,	when	added	to	a	solution	the	salts	dissociate	into	ions.	Advanced	Oxidation	Technologies	for
Wastewater	Treatment:	An	Overview	145	3.2.1.1	Reactors	Used	for	Acoustic	Cavitation	Different	types	of	acoustic	cavitational	reactors	are	being	used	including	ultrasonic	horn,	ultrasonic	bath,	and	multiple	frequency	flow	cells	(Gogate	et	al.,	2011;	Hua	and	Hoffmann,	1997;	Koda	et	al.,	2003;	Sutkar	and	Gogate,	2009;	Weavers	et	al.,	1998).	There	are
various	designs	of	activated	sludge	processes;	some	commercial	variations	are	listed	below:	1.	Murty,	M.N.,	Kumar,	S.,	2011.	Photocatalytic	process	alone	and	HC	+	photocatalytic	processes	were	employed	using	niobium	pentoxide	as	a	photocatalyst,	due	to	its	adequate	band	gap	of	3.4	eV	and	stability	in	acidic	conditions.	It	should	be	noted	that	in
the	area	of	adsorption,	the	focus	had	been	largely	on	process	development	and	not	on	materials,	while	in	the	membranes	area,	the	focus	had	been	mostly	on	the	material	science	while	the	process	application	area	lacked	attention.	•	The	three	reaction	partners—bacteria,	substrate,	and	dissolved	oxygen—	must	be	brought	together	using	appropriate
design.	This	is	a	major	problem	associated	with	the	large-scale	designs.	For	adsorption	kinetics,	understanding	of	the	following	three	contributing	steps	is	required.	Another	important	factor	regarding	the	incident	light	is	the	wavelength	of	irradiation.	Industries	that	have	wastewater	suitable	for	such	purposes	can	ally	with	local	corporation	bodies	for
the	treatment,	recycling,	and	reuse	necessary	and	come	up	with	designs	for	appropriate	distribution	of	fresh	and	recycled	water.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	69	Figure	1.21	Improved	clarifier	designed	using	CFD	simulations	(Pophali,	2007).	Central	Pollution	Control	Board,	Ministry	of	Environment	&	Forests,
Annual	Report	2009–10a,	viewed	28	May	2013,	40_Annual_Report_9-10.pdf.	Lin,	S.H.,	Lin,	C.M.,	Leu,	H.G.,	1999.	67,	669–676.	1.6.1	Newer	Modifications	in	the	Existing	Methods	Separation	technology	is	an	essential	component	in	most	chemical	process	operations	and	is	considered	to	be	the	most	critical	component	Industrial	Wastewater	Treatment,
Recycling,	and	Reuse:	An	Overview	63	Figure	1.19	Comparison	of	carbon	adsorption	and	bio-treatment	methods	for	steel	plant.	Also,	the	suspension	of	photocatalyst	and	reactivation	of	the	catalyst	surface	due	to	HC	enhances	the	degradation	P2	Main	line	Bypass	line	UV	assembly	Cooling	water	out	Venturi	UV	tube	Cooling	water	in	P1	V2	Tank	V3	V1
P1,	P2	-	Pressure	gauges	V1,	V2,	V3	-	Control	valves	Pump	Figure	3.10	Typical	schemes	used	for	the	combinatorial	effects	of	UV	and	HC.	213,	150–162.	Typically,	the	most	critical	techno-economic	elements	for	consideration	in	figuring	the	cost	of	adsorbents	are	the	nature	of	adsorbents,	size	of	adsorbent	(pressure	drop	vs.	The	inability	to	treat
wastewater	has	impacted	industrial	growth	and	has	adversely	affected	industrial	expansion.	Investigating	the	differences	in	acid	separation	behaviour	on	weak	base	ion	exchange	resins.	The	inorganic	+	organic	coagulant	formulation	strategy	can	be	further	developed	in	the	form	of	two	or	more	inorganic	and	organic	coagulants.	The	potential	theory
of	adsorption	of	gases	and	vapors	for	adsorbents	with	energetically	non-uniform	surface.	A	bypass	line	is	provided	to	control	the	flow	through	the	main	line	containing	the	cavitation	device.	To	check	the	efficacy	of	HC	in	treating	such	effluents,	distillery	wastewater	treated	in	a	conventional	anaerobic	digester	from	a	distillery	near	Nagpur,	India
(source	not	given	due	to	confidentiality	issues),	was	used	for	the	studies.	Nutrient	removal	and	sludge	production	in	the	coagulation-flocculation	process.	All	these	variations	have	profound	impact	on	the	performance	behavior	in	the	coagulation	process	and	manufacturers	usually	specify	which	product	suits	which	wastewater	treatment	application.
Oxidation	processes	are	again	specific	processes	for	the	removal	of	refractory	pollutants	and	are	generally	cost	intensive	due	to	the	cost	of	catalysts	and	severe	process	conditions.	Indian	states	such	as	Maharashtra,	Uttar	Pradesh,	Andhra	Pradesh,	Tamil	Nadu,	and	Karnataka	use	90%	water	for	irrigation.	Siemens	Corporate	Technology	in	Erlangen
uses	an	electrochemical	method	of	wastewater	treatment,	where	water	molecules	are	converted	to	hydroxyl	radicals	that	act	as	cleaning	agents	by	attacking	almost	every	carbon-containing	structure	of	organic	substances	(Waidhas,	www.siemens.com/innovation/en/publikationen/publications_	pof/pof_fall_2008/rohstoffe/abwasser.htm).	188	Industrial
Wastewater	Treatment,	Recycling,	and	Reuse	Gogate,	P.R.,	Sutkar,	V.S.,	Pandit,	A.B.,	2011.	The	organic	load	in	food	industry	wastewaters	is	usually	very	high,	thereby	making	wastewater	more	suitable	for	anaerobic	processes	for	generation	of	energy.	Degradation	of	C.I.	Reactive	Red	2	through	photocatalysis	coupled	with	water	jet	cavitation.
Occasionally,	adsorption,	ion	exchange,	or	other	processes	also	form	part	of	the	secondary	treatment,	depending	on	the	nature	and	concentration	of	the	pollutants.	Fe3	+	+	O2	•	!	Fe2	+	+	O2	Fe2	+	+	H2	O2	!	Fe3	+	+	OH	+	•	OH	O2	•	+	H2	O2	!3	+	OH	+	•	OH	+	O2	Fe	1.	The	effect	of	all	these	parameters	on	the	degradation	efficiency	has	to	be
studied	on	a	laboratory	scale	for	the	case	of	specific	effluents.	It	is	therefore	instructive	to	evaluate	the	overall	processing	of	the	chemical	plant	(shown	schematically	in	Figure	2.1)	in	the	context	of	wastewater	treatment.	Central	Pollution	Control	Board,	Ministry	of	Environment	and	Forests,	Govt.	Anwar,	M.M.,	Hanson,	C.,	Pratt,	M.W.T.,	1971a.
Further	development	in	the	area	of	nanocomposites	also	holds	a	lot	of	potential	for	future	applications.	Pandit2	1	Chemical	Engineering	Department,	Malaviya	National	Institute	of	Technology,	Jaipur,	India	Chemical	Engineering	Department,	Institute	of	Chemical	Technology,	Mumbai,	India	2	3.1	INTRODUCTION	In	today’s	industrial	arena,	new
molecules	are	developed	and	manufactured	to	meet	the	ever-increasing	human	demand;	thus,	a	lot	of	new	hazardous	molecules	are	being	added	continually	to	our	water	bodies	through	effluents	coming	from	different	manufacturing	units.	Many	times	metal	content	as	high	as	3000–4000	mg/L	is	found	in	the	wastewaters	of	such	industries.	This	is
especially	true	for	reactive	dyes,	which	pose	the	greatest	color	removal	problems	(even	a	concentration	as	low	as	0.005	ppm	is	visibly	detectable).	77	(1),	102–116.	As	opposed	to	this,	flocculation	refers	to	a	process,	purely	physical	in	nature,	where	partly	or	fully	neutralized	particles	come	in	contact	with	each	other	to	form	flocs,	and	agglomeration	of
the	flocs	takes	place.	112,	5073–5091.	Ins.	Recently,	NF	using	RO	and	UF	has	also	been	considered	a	promising	alternative	for	removal	of	Zn	from	industrial	effluents.	Performance	status	of	common	effluent	treatment	plants	in	India,	viewed	28	May	2013,	Publication_24_PerformanceStatusOfCETPsIinIndia.pdf.	Fe2	+	+	H2	O2	!	•	OH	+	OH	+	Fe3	+
(3.40)	Fe3	+	+	H2	O	!	FeðOHÞ2	+	+	H	+	(3.41)	FeðOHÞ2	+	+	ðUVÞ	!	Fe2	+	+	•	OH	+	H	+	(3.42)	H2	O2	+	ðUVÞ	!	2	•	OH	(3.43)	Figure	3.11	shows	the	reaction	pathways	for	the	degradation	starting	with	the	primary	photo-reduction	of	the	dissolved	Fe(III)	complexes	to	Fe(II)	ions	followed	by	the	Fenton	reaction	and	the	subsequent	oxidation	of
organic	compounds.	Bonev,	B.,	Nenov,	V.,	2006.	Status	of	sewage	treatment	in	India,	viewed	08	May	2013,	.	Application	of	Vortex	Diode	for	Enhancing	Gas	Yield	of	Anaerobic	Digester:	Field	Trials	with	40	m3/h	Flow	Rate.	Typical	maximum	discharge	limits	for	BOD,	non-filterable	residue,	total	phosphorus,	and	total	nitrogen	for	activated	sludge	plants
are	shown	in	Figure	1.15.	Sawant,	S.S.,	Anil,	A.C.,	Krishnamurthy,	V.,	Gaonkar,	C.A.,	Kolwalkar,	J.,	Khandeparker,	L.,	et	al.,	2008.	The	innovative	aspect	of	this	technology	is	that	it	can	basically	treat	toxic	waste	of	high	organic	concentration	as	well	as	recover	metals	with	greater	purity	in	an	environmentally	friendly	manner	because	it	avoids	emission
of	gases,	sulfur,	and	metal	particles,	unlike	pyrometallurgy.	APHA®,	AWWA®	&	WEF®,	Washington	DC.	38,	2221–2295.	The	mass	transfer	resistance,	which	is	a	major	limiting	factor	for	the	application	of	ozone	or	H2O2	alone,	is	also	eliminated	due	to	the	enhanced	turbulence	generated	by	cavitation.	The	cavity	formation	(inception)	and	the	number
of	cavities	being	generated,	the	initial	size	of	the	nuclei/cavity,	and	the	maximum	size	reached	by	the	cavities	before	collapse	depend	mainly	on	these	liquid	phase	physico-chemical	properties.	Kaur,	R.,	Wani,	S.P.,	Singh,	A.K.,	Lal,	K.,	2012.	Also,	the	collapse	temperatures	and	pressures	generated	during	the	cavitation	phenomena	are	a	strong	function
of	the	operating	and	geometric	parameters	(Gogate	and	Pandit,	2000b).	Development	of	an	efficient	strategy	using	judicious	selection	of	separation	method	and	an	apposite	combination	of	methods	ranging	from	precipitation	to	extraction/adsorption/ion	exchange/cavitation/biological.	Zero	waste	is	a	myth,	by	and	large,	and	every	industry	generates
waste	in	some	form.	Trans.	Flotation	The	scale-up	of	anaerobic	wastewater	treatment	has	not	been	studied	in	a	systematic	way.	Moreover,	the	photocatalytic	oxidation	technique	is	also	affected	by	severe	mass	transfer	limitations,	especially	in	the	immobilized	catalyst	type	of	reactors,	which	are	generally	preferred	over	slurry	reactors	to	avoid	solid
catalyst	separation	problems.	Adewuyi,	Y.G.,	2005.	The	incinerator	stack	gases	generally	contain	HCl	vapors	that	require	the	installation	of	scrubbers.	The	tertiary	treatment	methods	are	important	from	the	point	of	view	of	water	recycling	and	reuse	because	they	can	achieve	the	final	reusable	water	quality.	PRIORITY:	IN	2006–DE734	20	Mar	2006.
Ideally	speaking,	cavitation	inception	occurs	at	Cvi	equal	to	1,	and	there	are	significant	cavitational	effects	at	Cv	values	of	less	than	1.	Sun,	J.H.,	Sun,	S.P.,	Fan,	M.H.,	Guo,	H.Q.,	Qiao,	L.P.,	Sun,	R.Z.,	2007.	Because	these	events	occur	over	extremely	small	time	intervals	(micro-	to	nano-seconds),	other	transport	processes	are	absent,	and	the	final
collapse	stage	is	adiabatic	in	nature,	thus	producing	very	high	local	temperatures	(up	to	10,000	K)	and	pressures	(up	to	2000	atm).	Some	of	the	pollutants,	which	undergo	hydrolysis	under	alkaline	conditions	or	undergo	decomposition	over	a	certain	pH	range,	may	show	an	increase	in	the	rate	of	photocatalytic	oxidation	with	an	increase	in	the	pH
(Choi	and	Hoffmann,	1997).	Please	refer	to	Ranade	(2002)	to	gain	an	understanding	of	the	general	philosophy	of	using	CFD	models	for	performance	enhancement.	Emerging	technology	includes	application	of	a	new	hybrid	form	of	adsorbents,	ceramic	polymers	having	functional	ligands	on	solid	supports	such	as	silica	and	activated	carbons	with
oxidized	surface	groups.	More	recently,	wastewater	has	also	been	viewed	as	a	renewable	source	for	production	of	various	useful	products	and	energy.	In	this	regard,	a	brief	discussion	on	the	specific	aspects	in	these	representative	sectors	will	be	highly	useful.	The	Fenton	oxidation	process	can	be	effectively	applied	to	treat	dye	wastewaters.	This	book
focuses	on	providing	comprehensive	information	about	state-of-the-art	industrial	wastewater	treatment,	recycling,	and	reuse.	In	last	few	years	focus	has	been	shifted	from	ultrasound	based	reactors	toward	the	study	of	HC	for	the	degradation	of	organic	pollutants	as	a	potential	technique	to	be	used	on	a	larger	scale.	The	problem	of	identifying
optimum	dosages	for	cost-effective	treatment.	Hydrolysis	of	fatty	acids:	effect	of	cavitation.	In	this	regard,	Chapters	9,	10,	and	11	specifically	highlight	industrial	wastewater	treatment	issues	and	applications	of	newer	methodologies	with	specific	industry	examples.	Desalination	200,	351–353.	II.	(2011a)	have	also	demonstrated	the	existence	of	the
optimal	loading	of	H2O2	for	the	degradation	of	reactive	brilliant	red	K-2BP	using	a	combination	of	HC	and	H2O2.	121	(24),	5817–5818.	At	the	end	of	each	defined	time	interval,	the	samples	were	withdrawn	from	the	reactor	through	a	sampling	port,	centrifuged,	and	analyzed	for	pH,	COD,	BOD,	and	TOC.	The	radicals	can	be	easily	produced	using	UV
radiation	by	the	homogeneous	photochemical	degradation	of	oxidizing	compounds	such	as	H2O2	and	ozone.	For	industries	and	the	environment	to	become	sustainable	together,	it	is	necessary	that	there	is	a	strong	commitment	at	all	levels	from	industry	to	government.	In	recent	years,	new	resins	that	are	more	selective	for	specific	ions	have	been
developed.	1	(4),	560–565.	Some	natural	coagulants,	such	as	seed	extracts,	are	also	being	investigated,	although	far	from	being	considered	for	commercial	application	at	this	point	of	time	(Bhuptawat	et	al.,	2007).	3.3.2.2	Number	of	Ferrous	Ions	Usually,	the	rate	of	degradation	increases	with	an	increase	in	the	concentration	of	ferrous	ions,	although
the	extent	of	increase	is	sometimes	observed	to	be	marginal	above	a	certain	concentration	as	reported	by	Lin	et	al.	shtml,	Watkins,	2006).	The	biological	treatment	processes	that	are	frequently	used	to	treat	textile	effluents	are	generally	efficient	for	meeting	limits	of	BOD	and	suspended	solids	removal.	3.2	CAVITATION	Cavitation	is	defined	as	the
phenomenon	of	the	formation,	growth,	and	subsequent	collapse	of	microbubbles	or	cavities	occurring	in	an	extremely	small	interval	of	time	(microseconds)	and	at	multiple	locations	in	the	reactor,	releasing	large	magnitudes	of	energy.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	165	3.4.2.4	Radiant	Flux	The	reaction
rate	is	directly	proportional	to	the	intensity	of	radiation;	usually,	linear	variation	is	observed	at	low	intensities	and	beyond	a	certain	magnitude	of	optimum	intensity	(depending	on	the	reactor	conditions	as	well	as	the	nature	of	the	effluent),	the	rate	of	the	reaction	shows	a	square	root	dependence	on	the	intensity	(Ollis	et	al.,	1991).	Failure	to	control
pollution	can	even	threaten	the	existence	of	the	industry	at	times.	Effect	of	hydrodynamic	cavitation	on	zooplankton:	a	tool	for	disinfection.	They	have	reported	the	optimal	molar	ratio	of	dye	to	H2O2	as	1:60.	For	the	treatment	of	highly	loaded	effluents,	appropriate	dilution	factors	must	be	used	before	the	oxidation	treatment.	Didenko,	Y.T.,
McNamara,	W.B.,	Suslick,	K.S.,	1999.	ladder	to	encompass	the	overall	environmental	scenario.	K,	2007,	India’s	Water	Future	to	20252050:	Business-as-Usual	Scenario	and	deviations,	Colombo,	Sri	Lanka:	International	Water	Management	Institute.	It	is	a	widely	accepted	fact	that	significant	improvements	can	be	obtained	for	most	of	the	separation
processes	with	proper	scientific	modifications,	either	through	material	modifications	or	through	process	modification.	For	example,	the	normal	paper	industry	consumes	300	m3	water	per	ton	of	product	and	also	generates	a	similar	amount	of	wastewater;	the	sugar	industry	requires	up	to	15	m3	water	per	ton	of	sugar.	A	number	of	adsorbents	such	as
sawdust,	bagasse	fly	ash,	various	agricultural	sorbents,	synthesized	zeolites,	low-cost	activated	carbons,	and	biomass	have	also	been	studied	by	various	researchers.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	65	2.	A	review	of	imperative	technologies	for	wastewater	treatment	I:	oxidation	technologies	at	ambient	conditions.
These	additives	can	be	inorganic	or	organic.	2.3	ADVANCED	ADSORPTION	AND	ION	EXCHANGE	PROCESSES	Adsorption	can	be	defined	in	simple	terms	as	selective	concentration	of	one	or	more	components	(adsorbate(s))	of	either	a	gas	or	a	liquid	mixture	on	the	surface	of	a	material	(adsorbent).	Patil,	P.N.,	Gogate,	P.R.,	2012.	New	generation
adsorbents	for	water	treatment.	Many	countries	other	than	India	have	different	pricing	mechanisms	for	these	three	waterconsuming	sectors.	Lee,	K.E.,	Morad,	N.,	Teng,	T.T.,	Poh,	B.T.,	2012.	In	the	future,	new	adsorbent	materials	are	required	to	have	high	capacity,	high	selectivity,	improved	stability,	and	more	favorable	geometries	(Adler	et	al.,
2000).	3.2.2.2.3	Effect	of	Physicochemical	Properties	of	Liquid	and	Operating	pH	Liquid	phase	properties	is	one	of	the	very	important	aspect	that	affect	cavitational	processes,	although	the	magnitude	of	the	effect	of	all	the	liquid	properties	may	not	be	the	same.	2.6	COST	CONSIDERATIONS	Coagulation	processes	have	immense	potential	for	removal
of	both	pollutants	and	color,	and,	to	a	large	extent,	can	be	effectively	employed	for	removal	of	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	131	100	Nearly	100%	ammoniacal	nitrogen	can	be	removed	%	Reduction	80	60	40	20	0	S1	S2	S3	S4	S5	S6	Industrial	effluent	treatment	using	cavitation	S7	Figure	2.21	Reduction
of	ammoniacal	nitrogen	in	different	industrial	effluents	from	the	specialty	chemicals	sector	using	hydrodynamic	cavitation.	32	(20),	3194–3199.	1.9	SUMMARY	Industrial	wastewater	treatment,	recycling,	and	reuse	is	an	important	theme	in	today’s	context,	not	just	to	protect	the	environment	from	pollution,	but	also	to	conserve	water	resources	so	that
water	stress	is	reduced.	ensures	minimal	escape	of	unreacted	O3	due	to	rapid	dissociation	into	•OH	radicals	and	improved	mass	transfer,	ensuring	maximum	utilization	of	ozone	for	the	oxidation	of	pollutant	molecules.	Identification	of	wastewaters	containing	components	of	high	value	for	removal	and	recovery	is	an	important	aspect	that	needs
attention	prior	to	the	treatment	of	the	streams.	This	involves	the	basic	characterization	of	the	wastewater	and	understanding	volumes	and	variations	in	the	pollutant	levels	or	concentrations.	The	commonest	form	of	aerobic	process	is	the	activated	sludge	process,	which	is	now	approximately	100	years	old.	Rate	equation	for	the	degradation	of
nitrobenzene	by	‘Fenton-like’	reagent.	They	have	shorter	diffusion	paths	and	better	exchange	rates.	A	detailed	approach	in	this	regard	has	already	been	discussed	in	Chapter	1.	Wang	et	al.	This	gas	contains	methane	and	carbon	dioxide	in	a	1:1	to	3:1	ratio,	together	with	hydrogen	sulfide	to	an	extent	that	depends	on	the	sulfate	content	of	the
substrate,	as	well	as	traces	of	nitrogen	and	hydrogen.	For	the	starch	processing	industry,	BOD	and	COD	are	significantly	higher,	of	the	order	of	10,000	and	20,000	mg/L	respectively.	Filtration	–	Membrane	anaerobic	reaction	system	–	Rotor-fermenter	3.	The	CFD	driven	optimisation	of	a	modified	venturi	for	cavitational	activity.	Thus,	the	overall
decomposition	of	pollutant	molecules	is	attributed	to	the	pyrolysis	and	free	radical	attack	occurring	at	both	the	cavity-water	interface	and	in	the	bulk	liquid	medium.	Song,	S.,	Xia,	M.,	He,	Z.,	Ying,	H.,	Lu,	B.,	Chen,	J.,	2007.	Maharashtra	Chamber	of	Commerce,	Industry	&	Agriculture,	Mumbai.	4.2	ADVANCED	OXIDATION	TREATMENT	The	advanced
oxidation	process	operates	through	different	catalytic	forms,	using	oxidizing	agents	for	degradation/mineralization	of	pollutants.	As	a	result,	carrying	out	coagulation	in	real-life	operations	is,	by	and	large,	an	empirical	approach	on	the	basis	of	laboratory	data	on	various	coagulants	and	coagulation	behavior	under	different	conditions	of	pH,
concentration,	and	other	parameters.	Biological	treatment,	although	considered	as	cost	effective,	has	high	sensitivity	to	pH,	temperature,	and	seasonal	fluctuations,	which	poses	limitations	in	its	wide-scale	application.	Specific	formulations/hybrid	coagulants	are	available	in	the	market	that	have	high	efficiency	in	specific	cases;	however,	these	can	be
expensive.	Malmary,	G.H.,	Monteil,	F.,	Molinier,	J.R.,	Hanine,	H.,	Conte,	T.,	Mourgues,	J.,	1995.	Wastewater	usually	contains	a	single	acid	or	mixture	of	acids	from	0.5%	110	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Table	2.3	Some	examples	of	industrial	wastewater	streams	Industry	Acids	Composition	Pulping	process	Synthetic	fatty
acid	Industrial	effluents	Manufacture	of	formic,	acetic	acids	Oxidation	of	organics	e.g.,	p-xylene,	cyclohexane	Dyes	and	pigment	industry	Acid	leached	wastewater	Electroplating	industry	Reference	Formic,	acetic	Formic,	acetic,	propionic,	butyric	Formic,	acetic,	propionic	Formic,	acetic,	oxalic	4–10%	5,	5,	2.5,	&	2%	respectively	Othmer	(1958)
Matsarenko	et	al.	The	selection	depends	on	the	desired	goals	of	wastewater	treatment:	recovery	of	valuable	chemicals	from	wastewater,	possible	water	recycling	and	reuse,	complying	with	the	statuary	norms	for	discharge	into	water	bodies,	and	economics	of	the	treatment	process.	The	inclusion	of	UV	radiation	in	the	process	(HC	+	Fenton)	can	result
into	a	higher	degradation	rate	constant	(297	103	min1),	but	it	can	be	seen	that	the	increase	in	the	degradation	rate	is	marginal	and	also	the	additional	energy	costs	make	this	option	(HC	+	Photo-Fenton)	less	economical	than	a	combined	process	of	HC	and	Fenton	(as	shown	in	Figure	3.14).	Ultrasonic	horns	vibrating	in	radial	directions,	which



Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An	Overview	147	also	gives	the	advantage	of	better	energy	dissipation	due	to	a	larger	irradiating	area,	is	another	new	development	with	a	promising	future	for	medium-	to	large-scale	applications,	but	more	work	is	required	in	terms	of	testing	this	equipment	for	operation	at	high	frequency
and	high	power	dissipation.	In	this	chapter,	we	review	these	AOPs	and	their	combinations.	Also,	combinations	of	reaction	and	separation	processes—reactive	distillation,	reactive	absorption,	reactive	extraction	or	reactive	membrane	separation—are	possible.	Continuing	Education	and	Development	Inc.,	New	York.	Chemical	precipitation	(hydroxide	or
sulfide	precipitation)	followed	by	agglomeration	of	the	colloidal	or	insoluble	particles	by	sedimentation;	filtration	is	used.	rates	of	removal),	cost	of	regeneration,	life	of	adsorbent,	operating	range	of	pH,	and	temperature	for	most	satisfactory	selection.	Degradation	of	BTEX	in	aqueous	solution	by	hydrodynamic	cavitation.	Vision	2020:	2000	Separations
Roadmap.	in	the	medium)	which	reaches	its	maximum	size	at	the	lowest	pressure.	However,	times	have	changed,	and	today	water	is	free	for	neither	people	in	society	nor	for	industry.	Principles	of	Ion	Exchange	in	Wastewater	Treatment.	185	(1),	315–321.	Appl.	India	Infrastructure	Report	2011,	Municipal	Wastewater	Management	in	India,	viewed	9
May,	2013,	2011/Chp-20-Municipal-Wastewater-Management-In-India.pdf.	Common	effluent	treatment	plants	(CETPs),	which	were	established	a	decade	ago	for	treatment	and	management	of	wastewater	from	chemical	industries,	have	been	ineffective	in	treating	wastewaters	using	conventional	methods.	NCL	Internal	Report.	Dubinin,	M.M.,	1960.
Fenton’s	chemistry:	an	effective	advanced	oxidation	process.	39	(22),	8557–8570.	Immobilization	by	inclusion	or	covalent	bonding	44	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Biomass	recycling	(external	separation)	5.	More	detailed	studies	on	the	mechanism	of	diffusion	of	metallic	ions	interacting	with	adsorbent	surfaces	need	to	be
undertaken.	For	Cr(VI),	the	biosorption	process	is	often	recommended,	although	process	integration	using	adsorption	and	electrocoagulation	is	suggested	for	near	total	removal	(Ouaissa	et	al.,	2013).	54,	1139–1152.	It	is	easy	to	calculate	the	cost	of	processing	for	a	specific	pollution	problem	involving	a	particular	stream	containing	defined	pollutants
with	known	concentrations,	volumes	for	treatment,	and	method	of	treatment.	Sivakumar,	M.,	Pandit,	A.B.,	2002.	Figure	3.14	shows	the	cavitational	yield	of	the	different	processes.	Ammoniacal	nitrogen	removal	from	water	by	treatment	with	clays	and	zeolites.	Such	changes	are	far	better	than	end-of-pipe	solutions	in	the	form	of	stringent	methods	of
treatment,	such	as	oxidation,	that	are	highly	energy	intensive.	The	optimum	loading	of	H2O2	will	be	dependent	on	the	nature	of	the	effluent	stream	and	the	operating	conditions,	as	mentioned	above.	Environmental	sustainability	is	also	directly	related	to	the	industry	and	its	profitability.	Removal	of	Mn(II)	from	aqueous	solutions	using	manganese-
coated	sand	samples.	The	amount	of	catalyst	used	was	200	mg/L	without	any	pretreatment.	The	complete	degradation	chain	is	in	reality	much	more	complicated	and	requires	balanced	cooperation	among	various	microorganisms.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse—Past,	Present,	and	Future	489	490	492	499	500	519	521	Vivek	V.
A	typical	commercial	example	of	such	a	combination	of	processes	is	distillery	wastewater	treatment,	which	is	conventionally	done	using	an	anaerobic	process	for	generation	of	biogas	followed	by	aerobic	treatment	for	meeting	wastewater	standards,	utilizing	high-strength	wastewaters	for	anaerobic	treatment	followed	by	low-strength	wastewaters	for
aerobic	processes	(Pant	and	Adholeya,	2007).	38	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Some	organic	compounds,	for	example,	acetic/maleic/oxalic	acids,	acetone,	or	chloride	derivatives	such	as	chloroform	are	not	attacked	by	OH˙	radicals.	Further,	polluted	waters	are	a	threat	to	agriculture,	and	a	decrease	in	the	order	of	40–50%	in
rice	production	has	been	reported	due	to	using	the	polluted	waters	of	the	Musi	river	for	irrigation	(Grail,	2009).	Kinetics	of	acid	uptake	by	weak-base	anion	exchangers.	The	theory	and	practice	of	ion	exchange	process	is	well	known	and	quite	well	developed.	The	key	method	is	to	oxidize	ferrous	to	ferric	form	because	the	different	oxidation	states	are
found	to	precipitate	at	different	pH	with	Fe3+	precipitating	at	pH	4	and	Fe2+	at	pH	7.	2.3.3	Recent	Advances	in	Adsorption	Processes	The	most	predominant	and	extensively	researched	adsorption	process	scheme	includes	material/surface	modification.	•	The	bacteria	must	be	provided	with	an	adequate	supply	of	oxygen	to	support	aerobic	metabolism
(aeration).	Ray,	A.K.,	Beenackers,	A.A.C.M.,	1997.	Regeneration	is	usually	carried	out	using	thermal,	steam,	or	solvent	extraction,	acid	or	base	treatment,	or	chemical	oxidation.	Rice,	E.W.,	Baird,	R.B.,	Eaton,	A.D.,	Clesceri,	L.S.,	2012.	This	aspect	makes	them	highly	useful	in	wastewater	treatment,	especially	for	the	removal	of	acids	from	the
wastewater	streams.	Further,	although	the	industrial	sector	in	developing	countries	consumes	close	to	10%	of	the	water,	for	India,	according	to	a	recent	survey	4	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Figure	1.1	India	projected	to	be	water	stressed	by	the	year	2025.	Metcalf	&	Eddy,	Inc.,	1991.	3.2.1.2.4	Effect	of	Physico-chemical
Properties	of	Liquid	The	physico-chemical	properties	of	the	liquid	medium,	such	as	vapor	pressure,	surface	tension,	solvent	viscosity,	and	presence	of	impurities/gases,	also	crucially	affect	the	performance	of	the	sonochemical	reactors	by	altering	the	cavity	dynamics.	All	of	these	parameters	depend	on	the	type	and	concentration	of	the	pollutant
molecules	to	be	oxidized	and	hence	require	laboratory-scale	experiments	to	be	conducted	to	establish	the	optimum	operating	conditions.	Figure	1.14	represents	a	conventional	process	flow	diagram	of	the	activated	sludge	process.	Incineration	technology	for	wastewater	treatment	should	be	considered	only	if	there	is	a	sufficient	load	of	organics	and
inorganics	for	burning.	Cavitation	reactors:	efficiency	analysis	using	a	model	reaction.	Saharan,	V.K.,	Badve,	M.P.,	Pandit,	A.B.,	2011.	Wastewater	processing	often	requires	a	combination	of	different	methods	because	a	single	method	is	seldom	satisfactory.	Sonochemical	and	photosonochemical	degradation	of	4-chlorophenol	in	aqueous	media.
However,	this	is	not	always	possible.	The	obtained	results	are	reproduced	in	Table	3.3.	It	has	been	reported	that	HC	is	capable	of	reducing	the	COD	and	TOC	of	the	B-DWW	by	about	34%	and	33%,	respectively,	at	5	bar	inlet	pressure;	no	further	improvement	was	observed	with	increase	in	pressure	from	5	to	13	bar.	DyStar,	Ciba,	Specialty	Chemicals,
and	Clariant	are	some	of	the	world’s	leading	manufacturers	of	dyes.	Koda,	S.,	Kimura,	T.,	Kondo,	T.,	Mitome,	H.A.,	2003.	Interaction	of	heavy	metal	ions	with	an	ion	exchange	resin	obtained	from	a	natural	polyelectrolyte.	Sludge	generated	is	completely	nonhazardous	and	can	be	safely	disposed	of.	Further,	it	is	expected	to	grow	at	a	rapid	rate	in	view
of	a	huge	power	demand	and	is	likely	to	constitute	75%	as	the	total	power	sector	expands.	A	polishing	treatment	in	the	form	of	adsorption	is	typically	used	for	meeting	stringent	standards	for	effluent	discharge.	For	example,	a	stream	containing	high	ammoniacal	nitrogen	can	be	separated	from	the	streams	not	containing	any	appreciable	ammoniacal
nitrogen.	The	electrochemical	method	is	suitable	for	the	highly	concentrated	wastewater	from	the	textile,	paper,	and	pharmaceutical	industries.	54	(15–16),	3107–3111.	1.4.8.3	Biological	Treatment:	Combination	of	Aerobic	and	Anaerobic	Operations	Aerobic	treatment	is	more	suitable	for	low-strength	wastewaters,	while	anaerobic	treatment	is	more
suitable	for	high-strength	wastewaters.	Seshagiri	Rao	7.1	Introduction	7.2	Urban	Water	Sector:	Indian	Scenario	7.3	Urban	Sewage	Treatment	Options	7.4	Industrial	Water	Production	and	Reuse/Urban-Industry	Joint	Venture	7.5	Urban-Industrial	Water	Sustainability:	2030	7.6	Summary	and	Path	Forward	References	283	284	300	306	314	319	320	8.	If
the	land	is	easily	available,	conventional	biological	processes	can	prove	to	be	more	economical,	especially	with	the	use	of	a	lagoon,	which	offers	significant	cost	reduction	due	to	the	simplicity	of	the	process	(less	capital/land	cost),	less	manpower/processing	costs,	and	ease	of	operation.	3.2.1.2.2	Effect	of	Irradiating	Surface	In	the	acoustic	cavitation
reactor,	most	of	the	cavitational	activity	is	present	near	the	vicinity	of	the	irradiating	surface,	and	the	liquid	present	in	that	area	is	only	exposed	to	the	cavitating	conditions.	It	has	been	stated	that	hydrophobic	and	more	volatile	compounds	are	more	easily	degraded	through	HC	when	compared	to	hydrophilic	compounds.	Status	of	water	supply,
wastewater	generation	and	treatment	in	Class	I	cities	and	Class	II	towns	of	India.	These	combined	processes	generate	•OH	radicals	that	have	higher	oxidation	potential	than	ozone	and	are	nonselective	toward	organic	substances.	Ince,	N.H.,	Tezcanlı´,	G.,	2001.	The	number	at	which	the	inception	of	cavitation	occurs	is	known	as	the	cavitation
inception	number	Cvi.	Thus,	in	India,	the	major	water	consuming	sector,	as	of	today	and	in	the	near	future,	is	the	agricultural	sector.	Apart	from	pollution	control,	one	of	the	main	reasons	for	wastewater	treatment	is	the	scarcity	of	water.	Hence,	intensity	of	irradiation	can	be	varied	either	by	changing	the	power	input	to	the	system	or	by	changing	the
irradiating	area	of	the	transducers	in	the	equipment.	The	total	quantum	of	pressure/temperature	pulse	generated	as	a	result	of	cavitation	is	the	product	of	the	pulse	generated	by	the	collapse	of	a	single	cavity	(lower	initial	cavity	size	results	in	higher	collapse	pressure/	temperature	pulse)	multiplied	by	the	number	of	cavities	generated	in	the	reactor
deciding	the	overall	transformational	energy	delivery.	The	treatment	of	waste	eats	into	the	profitability	of	the	industry,	and	for	this	reason,	many	times	waste	treatment	takes	a	back	seat	in	the	overall	operation	or	the	industrial	process.	The	subject	will	continue	to	maintain	significant	importance	because	the	theme	of	wastewater	treatment,	recycling,
and	reuse	is	perceived	to	have	a	huge	positive	impact	at	the	industrial	and	societal	levels,	particularly	in	developing	countries.	Merouani,	S.,	Hamdaoui,	O.,	Saoudi,	F.,	Chiha,	M.,	2010.	The	optimum	cavitation	number	was	found	to	be	in	the	range	of	0.15–0.4	depending	on	the	type	of	effluent	to	be	treated	and	the	geometry	of	the	cavitating	device	used
(Saharan	et	al.,	2013;	Senthilkumar	et	al.,	2000;	Sivakumar	and	Pandit,	2002).	Similarly,	most	commonly	used	wet	process	for	production	of	phosphoric	acid	(required	for	phosphate	fertilizers)	also	require	water	as	a	reactant.	Ltd.),	Pune,	India	Vivek	V.	They	have	observed	that	an	optimum	concentration	of	H2O2	existed	to	maximize	the	degradation
rate	of	rhodamine	B,	using	a	combination	of	ultrasound	and	H2O2;	excessive	amounts	of	H2O2	could	reduce	its	degradation	rate.	Recent	Patents	Chem.	Adsorbents	like	zeolites,	activated	carbons,	manganese	oxide	coated	sand	(Lee	et	al.,	2009),	iron	oxide	coated	sand,	KMnO4	activated	carbon,	polymeric	adsorbents	such	as	amberlite	XAD-7	and	XAD-
8	may	be	used	for	Mn	removal.	2.2.3.1	Electro-coagulation	and	Cavigulation	There	are	some	new	developments	in	the	area	of	conventional	chemical	coagulation	processes.	Przem.	85,	651–654.	46	(2),	372–379.	A	schematic	flowchart	of	the	main	elements	in	the	decision	process	for	the	selection	of	an	appropriate	technology	is	presented	in	Figure	2.2.
It	is	important	to	define	the	problem	and	goals	in	light	of	the	available	data	on	the	process	and	effluent.	To	the	fullest	extent	of	the	law,	neither	the	Publisher	nor	the	authors,	contributors,	or	editors,	assume	any	liability	for	any	injury	and/or	damage	to	persons	or	property	as	a	matter	of	products	liability,	negligence	or	otherwise,	or	from	any	use	or
operation	of	any	methods,	products,	instructions,	or	ideas	contained	in	the	material	herein.	121,	5817–5818.	Government	regulations,	as	well	as	the	growth	of	biotechnology	and	the	pharmaceutical	sector,	will	be	forcing	increased	attention	on	this	area.	Navarro,	R.,	Gonza´lez,	M.P.,	Saucedo,	I.,	Avila,	M.,	Pra´danos,	P.,	Martı´nez,	F.,	et	al.,	2008.	The
efficacy	of	the	process	depends	strongly	on	the	rate	of	free	radical	generation	along	with	the	extent	of	radical	contact	with	the	contaminant	molecules.	Since	1990,	there	has	been	an	increasing	interest	in	the	use	of	ultrasound	to	destroy	organic	contaminants	present	in	wastewater	(Fındık	and	Gu¨ndu¨z,	2007;	Francony	and	Petrier,	1996;	Hamadaoui
and	Naffrechoux,	2008;	Merouani	et	al.,	2010;	Nagata	et	al.,	2000;	Shrestha	et	al.,	2009;	Wang	et	al.,	2006;	Weavers	et	al.,	1998).	However,	it	is	also	felt	that	there	is	increased	need	for	greater	awareness	in	this	regard,	especially	from	a	cost	point	of	view;	more	information	on	cost	comparisons	and	analyses	of	different	methodologies	is	lacking	at
present.	Dr.	Bhandari	would	like	to	express	his	profound	gratitude	to	Professor	V.	Nanodeposition	of	materials	such	as	titanium	dioxide	and	zinc	sulfide	has	potential	for	use	as	a	photocatalyst	for	removal	of	harmful	pollutants	from	the	wastewaters.	20,	345–353.	BDD	anodes	are	able	to	generate	other	more	stable	oxidants	such	as	hydrogen	peroxide,
peroxides,	and	hypochlorite	along	with	hydroxyl	radicals	for	effective	wastewater	treatment.	It	requires	lot	of	time	to	learn	to	operate	biological	systems,	especially	when	the	characteristics	are	unpredictable.	Pophali,	G.R.,	2007.	This	is	in	contrast	to	the	general	view,	discussed	as	part	of	this	water	recycling	and	reuse	theme,	where	the	recycled	water
is	intended	to	be	used	in	the	same	industry,	either	as	processed	water	or	for	other	utilities.	The	manufacturers	are,	however,	continuing	to	add	to	their	production	of	reactive	and	specialty	dyes.	Water	and	wastewater	treatment:	historical	perspective	of	activated	carbon	adsorption	and	its	integration	with	biological	processes.	Fenton	process	for
treatment	of	desizing	wastewater.	Status	of	wastewater	generation	and	treatment	in	India	2005.	Subramanian,	V.,	Pangarkar,	V.G.,	Beenackers,	A.A.C.M.,	2000.	Kinetics	and	mechanism	of	the	sonolytic	destruction	of	methyl	tert-butyl	ether	by	ultrasonic	irradiation	in	the	presence	of	ozone.	Chapters	4	and	5	both	discuss	the	application	of	advanced
oxidation	processes	in	industrial	practice.	If	the	two	modes	of	irradiations	are	operated	in	conjunction,	more	free	radicals	will	be	available	for	the	reaction,	thereby	increasing	the	rates	of	degradation.	Cleaning	and	sweeping	of	the	photocatalyst	surface	due	to	micro	turbulence	and	high	velocity	liquid	jets	created	as	a	result	of	cavity	oscillation	and
collapse.	Akbal,	F.,	Camci,	S.,	2011.	Treatment	of	wastewater	from	dye	manufacturing	industry	by	coagulation.	Nomenclature	aL	aR	Constant	in	Langmuir	equation	(mg	g1)	Constant	in	Redlich-Peterson	equation	134	BD	bL	Ce	DHA	d	dT,dTO	dc	E	HA	[HA]	[HA]i	[HA]o	[HA]ob	H	K	k	KR	ks	a	Np	1/n	Ps,	Pi	Q	Qe	qD	R	Rb	rc	T	t	tB	tD	tR	tF	tE	u	V	b	h	△P
Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Constant	in	Dubunin-Radushkevich	equation	(mol2	J1)	Constant	in	Langmuir	equation	(L	g1)	Equilibrium	concentration	in	solution	phase	(mol	m3)	Diffusion	coefficient	(m2	s1)	Diameter	(m)	Tangential	nozzle	diameter	at	diode	inlet	and	pipe	inlet	of	vortex	diode	Diameter	of	diode	chamber	(m)
Energy	of	adsorption	(kJ	mol1)	Acid	species	Concentration	of	acid	(mol	m3)	Initial	concentration	of	acid	(mol	m3)	Outlet	concentration	of	acid	(mol	m3)	Breakthrough	concentration	of	acid	(mol	m3)	Height	of	diode	chamber	(m)	Constant	in	Freundlich	equation	Reaction	rate	constant	(s1)	Constant	in	Redlich-Peterson	equation	Film	mass	transfer
coefficient	(s1)	Number	of	passes	Constant	in	Freundlich	equation	Power	(J	s1)	Flow	rate	(m3	s1)	Equilibrium	concentration	in	adsorbent	phase	(mg	g1)	Theoretical	saturation	capacity	in	Dubunin-Radushkevich	equation	(mol	g1)	Molar	gas	constant	Radius	of	bead	(m)	Radius	of	curvature	(m)	Temperature	Time	(s)	Breakthrough	time	(s)	Diffusion	time
(s)	Reaction	time	(s)	Flow	time	(s)	Film	transfer	time	(s)	Flow	velocity	(m	s1)	Volume	(m3)	Constant	in	Redlich-Peterson	equation	Pump	efficiency	Pressure	drop	REFERENCES	Adams,	G.,	Jones,	P.M.,	Millar,	J.R.,	1969.	Because	of	the	generation	of	positive	holes	and	electrons,	oxidation-reduction	reactions	take	place	at	the	surface	of	semiconductors.
The	advent	of	nanomaterials	has	also	increased	the	scope	of	investigating	advanced	separations	with	altogether	new	perspectives.	CFD	models	in	the	last	two	decades	have	evolved	into	an	important	tool	to	optimize	water	treatment,	recycling,	and	reuse	applications.	Not	only	is	the	thermal	power	sector	most	water	intensive,	but	it	also	discharges
huge	amounts	of	wastewater	and	is	one	of	the	highest	contributors	to	industrial	wastewater	discharge.	In:	Varma,	et	al.,	(Eds.),	Advances	in	Chemical	Engineering.	Thus,	the	intensity	of	irradiation	should	not	be	decreased	below	a	certain	minimum	cavitation	intensity.	Both	these	aspects	require	increased	water	consumption,	and	with	increasing
population,	India	is	poised	to	become	water	stressed	by	2020,	according	to	a	recent	FICCI	report	(2011).	These	radicals	(•OH,	O•,	and	HOO•)	then	diffuse	into	the	bulk	liquid	medium	where	they	react	with	oxidizable	pollutants	and	oxidize	them.	The	most	common	inorganic	coagulants	used	in	wastewater	treatment	are	simple	coagulants	such	as	alum
or	ferric	chloride	or	more	complex	ones	such	as	polyaluminum	chloride	(PAC),	while	among	organic	coagulants	the	most	commonly	used	are	polymers	such	as	poly-DADMAC	(poly	diallyldimethylammonium	chloride)	or	polyacrylamide.	In	the	case	of	highvalue	materials,	it	becomes	value	addition	to	the	existing	process,	while	for	low-value	chemicals,	it
is	challenging	to	find	economically	feasible	separation	processes	to	recover	materials	or	to	address	environmental	concerns.	Acidogenesis	is	followed	by	acid	formation,	with	the	simultaneous	generation	of	hydrogen	and	carbon	dioxide,	a	step	referred	to	as	acetogenesis.	Limited	successes	have	been	obtained	with	the	ion	exchange,	RO,	solvent
extraction,	chemical	precipitation,	and	electrolytic	methods.	Hoffmann,	M.R.,	Martin,	S.T.,	Choi,	W.,	Bahnemann,	D.W.,	1995.	3,	679–696.	Further,	the	efficiency	of	all	these	processes	was	evaluated	on	the	basis	of	cavitational	yield	(moles	of	imidacloprid	degraded/energy	supplied).	Karci,	A.,	Arslan-Alaton,	I.,	Olmez-Hanci,	T.,	Bekbo¨let,	M.,	2012.
Pophali,	G.R.,	Kaul,	S.N.,	Nandy,	T.,	Devotta,	S.,	2009.	It	can	also	serve	multiple	applications	such	as	complete	oxidation	of	refractory	pollutants;	breakdown	of	complex	molecules	into	smaller	biodigestible	molecules	that	can	be	further	degraded	by	conventional	processes,	hence	increasing	the	efficiency	of	conventional	processes;	and	also	for
disinfection,	thus	reducing	the	quantum	of	chemicals	used	for	disinfection.	Sunlight	may	also	be	used	for	excitation	of	the	catalyst	in	some	cases,	as	discussed	earlier;	this	results	in	considerable	cost	savings	(Yawalkar	et	al.,	2001).	Gaikar,	V.G.,	Sharma,	M.M.,	1985.	Oxidation	7.	Cecen,	F.,	2011.	R.O.C.	(Taiwan)	Environmental	Law	Library,	Effluent
Standards,	viewed	26	April,	2013,	.	178,	100–107.	–	The	days	of	one	company–one	product	are	long	gone.	A	conventional	system	generates	sludge/solid	waste	at	different	points,	i.e.,	during	primary	treatment	and	from	secondary	treatment.	Chapter	2	provides	detailed	information	on	various	physico-chemical	methods	of	treatment	and	highlights	how
effectively	these	methods	can	be	applied	to	real-life	situations	with	specific	examples	of	industry	sectors.	Ruthven,	D.M.,	1984.	Most	of	the	relevant	studies	have	been	done	using	ultrasound	as	a	means	of	generating	cavitation	coupled	with	photocatalytic	oxidation,	whereas	only	few	studies	are	available	where	HC	has	been	used	in	combination	with
the	photocatalysis	(Wang	et	al.,	2011b).	Ion	exchange	and	extraction	have	less	use	in	wastewater	treatment,	mainly	because	of	their	fundamental	limitations.	Berrin,	T.,	2008.	This	heightened	need,	therefore,	requires	coordinated	efforts,	especially	through	dissemination	of	knowledge	on	the	fundamentals	and	practices	of	wastewater	treatment,
recycling,	and	reuse.	Sharma	12.1	Introduction	12.2	Applicability	in	Various	Industries	12.3	Technology	Application	12.4	Conclusion	References	463	472	478	486	487	13.	Apart	from	engineering	key	modifications	in	the	existing	separations,	process	integration	is	an	interesting	and	fairly	wide	open	area	for	research	and	development	wherein	there	is	a
huge	possibility	for	the	intelligent	combination	of	two	or	more	operations.	A	typical	HC	setup	consists	of	a	closed	loop	circuit,	including	a	feed	tank,	pump,	pressure	gauges,	and	valves.	Similarly,	biological	processes	need	improvements	in	final	effluent	quality,	quite	apart	from	the	land	requirement	factor.	Textile	and	dyeing	industries	use	many	kinds
of	dyes,	both	reactive	and	non-reactive,	and	discharge	large	amounts	of	highly	colored	wastewater.	Gogate,	P.R.,	Pandit,	A.B.,	2004.	Subsequently,	as	the	liquid	jet	expands	downstream	of	the	constriction,	the	pressure	recovers,	and	this	results	in	the	collapse	of	the	cavities.	Process	modifications	can	substantially	reduce	the	cost	of	wastewater
treatment	apart	from	a	change	of	methodology	for	effluent	treatment,	land/space	requirements,	equipment	costs,	and	legal	binding	legislation	concerning	pollution	levels.	Photocatalytic	reactions	occur	when	charge	separations	are	induced	in	a	large	bandgap	semiconductor	by	excitation	with	ultra	bandgap	radiations	(Daneshvar	et	al.,	2003).	Surface
area	is	increased	by	the	fragmentation	or	pitting	of	the	catalyst	and	hence	more	actives	sites	will	be	available	for	the	adsorption	of	the	pollutant	molecule	at	the	photocatalyst	surface.	Overall,	with	the	use	of	an	appropriate	technology	or	a	combination,	more	than	95%	reduction	in	color	and	more	than	97%	COD	reduction	in	some	cases	can	be
accomplished	for	real	industrial	wastewaters.	There	is	significant	use	of	components,	mainly	as	catalysts	or	in	complexing,	containing	heavy	metals	such	as	copper,	nickel,	zinc,	and	iron,	traces	of	which	eventually	find	their	way	into	liquid	effluents.	A	very	high	degradation	rate	constant	of	around	250.7		103	min1	was	obtained	using	a	combined
process	of	HC	and	Fenton,	with	almost	100%	degradation	achieved	in	15	min.	Kusvuran,	E.,	Erbatur,	O.,	2004.	Any	two	or	more	coagulants	can	be	combined	to	enhance	the	effect	of	coagulation.	An	improved	dissociation	extraction	process	for	the	separation	of	acidic	and	basic	isomers.	Standard	Methods	for	Examination	of	Water	and	Wastewater,
22nd	ed.	Surface	modification	of	inorganic/	organic	materials	has	a	fundamental	role	in	industrial	and	environmental	processes.	In	the	isotherm,	qD	(mol	g1)	is	the	theoretical	saturation	capacity,	BD	(mol2	J2)	is	a	constant	related	to	the	mean	free	energy	per	mole	of	the	adsorbate,	and	R	is	the	molar	gas	constant	(8.314	J	K1	mol1).	Recovery	of	metals
3.	In:	2-day	Workshop	on	Industrial	Wastewater	Treatment,	Recycle	&	Reuse,	June	15–16,	2012,	National	Chemical	Laboratory,	Pune.	It	was	observed	that	in	the	cavitationally	pretreated	B-DWW	(13	bar,	25%	dilution,	50	min,	BI:	0.32),	400	mL	of	gas	volume	was	generated	after	a	total	duration	of	40	days	(including	the	lag	period	of	6	days),	along	with
a	net	70%	COD	reduction,	whereas	in	the	untreated	system	(BI:	0.168),	the	gas	volume	was	observed	to	be	only	60	mL	with	around	12%	COD	reduction	under	similar	experimental	conditions.	Adsorption	methodology	is	considered	to	be	the	most	economical	for	nickel	removal.	There	are	several	possible	applications	in	the	area	of	water	treatment,
recycling,	and	reuse.	Some	solvents,	such	as	alcohols,	are	also	used	in	the	process	and	have	their	presence	in	the	liquid	effluent	even	after	their	recovery.	UNESCO/Earthscan,	Paris/London,	viewed	10	May,	2013,	.	However,	in	wastewater	treatment,	it	is	to	be	noted	that	it	is	practically	88	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse
impossible	to	know	the	precise	value	of	the	zeta	potential	to	get	efficient	coagulation,	although	lower	zeta	potential	values	indicate	effective	coagulation.	The	key	issues	here	could	be	small	concentrations	but	significant	health	hazards	(metals	removal—all	industries	associated	with	metal	processing),	toxic	pollutants/organics	and	color	issues	(dyes
and	textiles),	or	industries	processing	foods	where	low	to	high	volumes	of	wastewaters	are	generated	that	can	be	easily	treated,	recycled,	and	reused.	Hardness	and	mechanical	strength	to	prevent	crushing	and	erosion	to	lower	physical	losses.	The	residual	H2O2	contributes	to	COD,	and	hence	excess	H2O2	is	not	recommended	as	it	would	add	to
excess	COD	and	also	due	to	its	•OH	scavenging	effect	at	higher	concentrations.	Gogate,	P.R.,	Shirgaonkar,	I.Z.,	Sivakumar,	M.,	Senthilkumar,	P.,	Vichare,	N.P.,	Pandit,	A.	The	hydroxyl	radical	is	produced	according	to	the	following	reaction:	Fe2	+	+	H2	O2	!	Fe3	+	+	OH	+	•	OH	Although	the	Fenton	reagent	has	been	known	for	more	than	a	century,	its
application	in	an	oxidizing	process	for	destroying	hazardous	organics	was	not	realized	until	the	late	1960s.	From	the	reactions	of	these	entities	(O•,	H•,	•OH)	with	each	other	and	with	H2O	and	O2	during	the	rapid	quenching	phase,	HO•2	radicals	and	H2O2	are	formed.	However,	it	is	nearly	impossible	to	have	a	biological	treatment	method	that	is
effective	for	the	existing	wastewater	streams	from	modern	complex	chemical	manufacturing	units.	2.3.2.2	Adsorption	Kinetics	While	equilibrium	data	is	useful	in	knowing	maximum	capacity	and	thereby	aiding	preliminary	selection	of	the	material,	for	practical	application	and	for	final	selection	of	the	material,	it	is	essential	to	know	the	rate	of	the
adsorption,	that	is,	change	of	concentration	with	respect	to	time.	Characteristics	and	application	of	multiple	membrane	process	in	plating	wastewater	reutilization.	72	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	In	most	cases,	chemical	industries	are	located	far	from	the	urban	areas,	and	often	the	effluent	standards	are	less	strict	in	these
locales.	In:	Hanson,	C.	Effective	across	a	broad	range	of	organic	compounds	4.	APPLICATION:	US	2007-726399	20	Mar	2007.	Moreover,	some	of	the	drawbacks	of	the	individual	techniques	can	be	overcome	by	some	features	of	other	techniques.	Degradation	of	reactive	red	120	dye	using	hydrodynamic	cavitation.	Destruction	of	microcystin-RR	by
Fenton	oxidation.	Generator	Reaction	mixture	(a)	Ultrasonic	horn	Reaction	mixture	Sound	waves	Transducers	(b)	Ultrasonic	bath	Cooling	water-in	Cooling	water-out	Thermocouple	Transducers	Cooling	coil	25	kHz	40	kHz	(c)	Dual	frequency	flow	cell	Figure	3.1	Schematic	representation	of	the	equipment	used	for	acoustic	cavitation.	Adequate
information	on	scale-up	and	designing	of	anaerobic	reactors	with	integrated	provision	for	biomass	retention	(e.g.,	UASB	reactors,	fixed-bed	and	fluidized-bed	reactors)	is	not	available.	15	(4),	416–419.	In	the	plating	industry,	ion	exchange	processes	are	widely	employed	for	removal	of	chromium	and	for	water	recycling	and	reuse.	The	lower	energy
efficiency	of	the	acoustic	cavitational	reactor	is	mainly	due	to	poor	energy	dissipation	in	the	surrounding	liquid.	The	jar	test	simulates	the	coagulation/flocculation	process	in	a	batch	mode,	and	a	series	of	batch	tests	are	carried	out	using	different	process	parameters	such	as	pH,	coagulant	type,	and	dosage	(with/without	coagulant	aid/flocculant)	to	get
the	most	suitable	performance	in	terms	of	coagulant	dosage,	pH,	best	settling,	sludge	properties	(minimum	sludge	volume),	and	so	on.	Oxygen	transfer	prediction	in	aeration	tanks	using	CFD.	In:	National	Conference	on	Water	Sanitation	and	Recycling.	Bhandari,	V.M.,	Juvekar,	V.A.,	Patwardhan,	S.R.,	1992b.	Sedimentation	by	pellet	formation	–	UASB
2.	However,	commercial	applications	of	this	technology	in	wastewater	treatment	is	still	largely	lacking,	mainly	due	to	the	fact	that	not	much	information	is	available	on	materials	handling	and	application,	and	potential	health	and	environmental	effects,	apart	from	life	cycle	analysis	of	the	processes	and	materials	on	a	commercial	level.	Recovery	of
water	as	such	for	reuse.	Lawson,	K.W.,	Lloyd,	D.R.,	1997.	Ashtekar,	V.S.,	Bhandari,	V.M.,	Shirsath,	S.R.,	2010.	Industrial	wastewater	process	engineering	involves	identification	of	process	stages	in	accordance	with	the	nature	and	concentration	of	pollutants	and	desired	goals	for	wastewater	treatment.	Ion	exchange	processes	accompanied	by	ionic
reactions.	Figure	1.22	Energy	consumption	pattern	in	separation	processes.	Principal	limitations	of	this	conventional	method	are	high	volume/detention	time,	high	floor	area	required,	inability	to	treat	complex	and	unpredictable	wastewater,	nature	of	organic	load,	and	the	requirement	of	trained	manpower.	(Eds.),	Organic	Pollutants	Ten	Years	After
the	Stockholm	Convention	–	Environmental	and	Analytical	Update.	Metals	that	are	of	interest	in	wastewater	treatment	include	Zn,	Cr,	Pb,	Ni,	Cd,	Cu,	Fe,	and	Al	(Akbal	and	Camci,	2011).	Wastewaters	requiring	removal	of	ionic	species	from	aqueous	streams.	The	first	principles	of	cavigulation	are	still	not	clearly	understood.	1.4.7	Incineration	Toxic
organic	materials	such	as	pesticides,	herbicides,	and	chlorinated	hydrocarbons	are	difficult	to	remove	by	the	conventional	processes.	The	agglomerates	are	heavier	than	water	and	therefore	settle	and	separate	from	water	easily.	Mr.	Hiremath	has	also	helped	in	generating	some	useful	data,	especially	on	cavitation.	Many	of	our	colleagues	and	students
have	contributed	to	this	book	in	different	ways.	Moreover,	as	said	earlier,	the	two	methods	by	which	intensity	can	be	changed	also	play	an	important	role	in	the	actual	results.	An	optimum	divergent	angle	should	be	between	10	and	15	(Bashir	et	al.,	2011).	Also,	an	enormous	increase	in	ferrous	ions	will	lead	to	an	increase	in	the	unutilized	quantity	of
iron	salts,	which	will	contribute	to	an	increase	in	the	TDS	content	of	the	effluent	stream;	this	is	not	permitted	(Masomboon	et	al.,	2009).	Photobiol.	Favorable	kinetics	for	rapid	sorption,	requiring	suitable	structural	characteristics.	It	has	been	reported	that	a	dosage	of	O3	exceeding	the	optimum	value	could	result	in	the	release	of	unreacted	O3	from
the	system	(He	et	al.,	2007).	to	develop	better	separation	technologies	in	physico-chemical	treatments	with	an	emphasis	on	adsorption,	ion	exchange,	oxidation,	cavitation,	and	membrane	separation	along	with	the	development	of	hybrid	systems.	Photolysis	of	chloroform	and	other	organic	molecules	in	aqueous	suspensions.	(1999)	and	Kang	and
Hwang	(2000).	49	(1),	1–14.	First,	biopolymers	are	hydrolytically	degraded	by	the	process	of	acidogenesis	to	give	soluble	monomers.	Ltd.,	Ahmedabad,	India	4.1	INTRODUCTION	Advanced	oxidation	systems	are	not	widely	used	in	industry.	The	use	of	the	coagulant	PAC	alone	has	many	limitations,	such	as	applicability	in	a	very	limited	range	of	pH	with
best	results	at	pH	5.	Free	space	is	also	required	in	the	backwashing	step,	which	results	in	fluidization	of	the	bed	due	to	upflow	backwash.	It	should	also	be	noted	that	the	physicochemical	properties	of	the	liquid	also	decide	the	initial	size	of	the	nuclei,	and	the	effect	of	the	initial	radius	must	also	be	considered	when	choosing	a	particular	liquid	medium
and	the	process	conditions.	Central	Pollution	Control	Board,	2004.	•	Larger	treatment	plants	based	on	biological	systems	are	not	viable	from	engineering	and	economic	point	of	views.	Proceedings	of	International	Conference.	We	are	also	grateful	to	many	of	our	associates,	colleagues,	and	collaborators	with	whom	we	worked	on	different	research	and
industrial	projects.	Kinetics	and	mechanism	of	the	sonolytic	degradation	of	chlorinated	hydrocarbons:	frequency	effects.	It	is	used	to	predict	whether	the	adsorption	is	physisorption	or	chemisorption	from	its	mean	free	energy	per	molecule	of	the	adsorbate,	E	(kJ	mol1).	144	(1–2),	532–537.	However,	often	there	are	process	changes	that	alter	the
composition	of	the	wastewaters.	However,	in	real	practice	any	one	mechanism	may	not	be	construed	as	the	only/single	mechanism	of	coagulation.	Immobilization	by	adsorption	–	Fixed-bed	reactor	–	Fixed-bed	loop	reactor	–	Anaerobic	film	reactor	–	Fluidized-bed	reactor	–	Hybrid	concepts	(UASB/fixed	bed)	–	Stirred-tank	reactor	with	suspended
carriers	4.	Adsorbent	surface	area	typically	ranges	from	100	to	1500	m2/g.	Thus,	giving	incentives	to	small-scale	chemical	industries	drastically	affected	their	ability	to	cater	to	their	wastewater	treatment	needs.	Medium	pH	has	a	complex	effect	on	the	rates	of	photocatalytic	oxidation,	and	the	observed	effect	is	generally	dependent	on	the	type	of	the
pollutant	as	well	as	the	zero	point	charge	(zPc)	of	the	semiconductor	used	in	the	oxidation	process,	and,	more	specifically,	on	the	electrostatic	interaction	between	the	catalyst	surface	and	the	pollutant.	The	material	included	in	this	book	may	be	used	in	several	ways	and	at	various	stages	of	designing	of	wastewater	treatment	plants	as	well	as	in
fundamental	research	projects	on	understanding	and	developing	various	technologies	for	water	treatment.	The	higher	value	of	a	results	in	the	generation	of	a	higher	number	of	cavities.	•	Complex	and	unpredictable	nature	of	wastewater	with	dyes,	auxiliaries,	and	biorefractory	compounds.	57,	385–471.	Threshold	power	requirement	for	cavitation
inception	can	be	defined	as	the	minimum	power	required	for	the	onset	of	the	cavitation	process,	i.e.,	the	formation	of	the	cavities,	and	this	should	be	as	low	as	possible	so	that	the	energy	effectively	available	for	the	growth	of	the	cavities	is	larger	(the	total	supplied	energy	is	utilized	for	generation	of	cavitational	nuclei	and	for	the	growth	of	cavities
followed	by	subsequent	collapse),	leading	to	a	higher	collapse	pressure	pulse	(Gogate	and	Pandit,	2000a).	For	spent	wash	treatment,	concentration	followed	by	incineration	is	one	option.	Therefore,	in	real	applications,	breakthrough	capacity	or	operating	capacity	are	more	important	parameters	than	theoretical	equilibrium	capacity	(which	is	rarely
achieved).	The	hydrophilic	compounds	remain	in	the	bulk	liquid	and	thus	can	only	degrade	through	the	•OH	radicals	reaching	the	bulk	solution,	and	only	about	10%	of	total	generated	OH	radicals	diffuse	into	the	bulk	liquid	medium	and	rest	are	recombined	to	form	H2O2.	Ammonia	removal	from	wastewater	by	ion	exchange	in	the	presence	of	organic
contaminants.	It	is	absolutely	essential	that	the	nontoxic	and	reusable	water	not	be	allowed	to	mix	with	any	other	polluted	stream.	The	key	advantages	are	the	possibility	of	obtaining	an	active	crystalline	structure	and	the	stability	of	the	catalyst	layer	in	the	reacting	media.	Matsarenko,	V.A.,	Lebedinskaya,	N.A.,	Dudkova,	L.I.,	Gushchina,	L.I.,	1969.	In
most	cases,	two	or	more	processes	can	provide	techno-economically	feasible	options.	Typically,	goals	for	transforming	wastewater	to	make	it	suitable	for	discharge	into	surface	water	bodies	differ	significantly	from	those	for	water	recycling	and	reuse.	Didenko,	Y.T.,	McNamara,	W.B.,	Suclick,	K.S.,	1999.	The	high	volume	of	sludge	generated	during
conventional	ASP	is	also	driving	industries	to	adopt	new	changes	such	as	the	MBR	and	specific	modifications	for	near	zerosludge	generation.	Management	and	disposal	of	the	solid	waste	resulting	from	these	stages	is	an	issue	because	it	contains	lot	of	active	organic	chemicals,	bacteria,	and	other	pollutants	that	prevent	its	use	as	fertilizer	and	make	it
difficult	to	dispose	of	in	landfills	because	of	the	hazardous	leachate	generation.	Xue,	X.,	Hanna,	K.,	Deng,	N.,	2009.	As	indicated	in	Figure	4.1,	the	Fenton	process	is	the	simplest	of	all	the	advanced	oxidation	processes.	The	old	methods	of	treatment	commonly	comprise	primary	treatment,	followed	by	biological	treatment,	and	finally	polishing	by
carbon	and	sand	filters.	In	this	combined	process,	ozone	loading	depends	on	the	type	of	pollutant	molecules	to	be	treated	and	the	initial	concentration	of	the	pollutant	molecules.	However,	since	the	distribution	of	water	across	the	globe	is	not	uniform,	parts	of	world	are	increasingly	facing	water	scarcity.	31	(1),	89–95.	A	more	generalized	comparison
for	different	individual	processes	and	combined	processes	is,	however,	required	for	better	understanding,	which	is	lacking	at	present.	Degradation	of	p-nitrotoluene	in	aqueous	solution	by	ozonation	combined	with	sonolysis.	Adewuyi,	Y.G.,	2001.	Sep.	The	following	are	the	major	reactions	taking	place	during	the	photo-Fenton	process.	One	variation
includes	sequencing	of	the	two	methods,	recycling	of	sludge,	and	optimizing	the	benefits	of	both	the	operations,	resulting	in	better-treated	water	quality	along	with	reduced	sludge	generation.	•	Very	scarce	space	available	for	in-plant	treatment.	The	need	to	recover	or	remove	contaminants	from	dilute	solutions	will	increase	in	the	future	due	to
stringent	regulations	applying	to	waste	streams	(Adler	et	al.,	2000).	Senthilkumar,	P.,	Sivakumar,	M.,	Pandit,	A.B.,	2000.	The	photocatalytic	oxidation	of	sulfur	containing	organic	compounds	using	cadmium	sulfide	and	the	effect	on	CdS	photo-corrosion.	Applications	of	CFD	models	for	flocculation	in	water	treatment	are	reviewed	by	Bridgeman	et	al.
Various	reports	suggest	that	the	efficiency	of	the	Fenton	process	can	be	enhanced	significantly	with	the	use	of	cavitation.	Ranade,	V.V.,	Kulkarni,	A.A.,	Bhandari,	V.M.,	2013.	Similarly,	the	separation	component	of	the	process	involves	selection	of	suitable	separation	methods	and	equipment	with	the	final	objective	of	achieving	the	most	efficient	and
environmentally	friendly	process.	Sludge	disposal.	The	mixing	regime,	plug	flow,	or	complete	mixing,	is	important	from	the	point	of	view	of	efficient	oxygen	transfer	and	for	better	kinetics	of	the	process.	51	(4),	1981–1989.	Similar	trends	have	been	reported	in	the	literature	for	the	degradation	of	some	other	organic	pollutants	by	applying	a
combination	of	HC	and	Fenton.	Sludge	volume	is	always	greater	with	inorganic	coagulants.	Key	parameters:	coagulant	dose,	initial	concentration	of	soluble	Mn,	and	KMnO4.	This	has	been	very	instructive	for	researchers	working	in	this	area.	An	example	of	this	can	be	seen	from	reported	results	on	polymer	waste	from	latex	manufacture	that	was
coagulated	with	500	mg/L	ferric	chloride	and	200	mg/L	lime	at	pH	9.6	resulting	in	COD	and	BOD	reductions	of	75%	and	94%,	respectively,	from	initial	values	of	1000	and	120	mg/L	(Munter,	2000).	As	a	part	of	this	program,	we	worked	closely	with	the	fine	and	specialty	chemicals	sector	to	identify	industry	needs.	Among	the	different	industry	sectors,
thermal	power	plants	consume	the	most	water	and	are	termed	water-intensive.	They	require	not	just	an	understanding	of	the	process	operations	but	also	of	upstream	fallouts	of	the	process	modifications	and	further	effects	down	the	line	after	effluent	discharge/recycling/reuse.	Clean	Prod.	Thus,	adsorption	finds	widespread	use	in	the	treatment	of
wastewaters	of	most	industries,	for	example,	petrochemicals,	chemicals,	pesticides,	dyes	and	textiles,	pharmaceuticals,	food,	and	inorganic	mineral	processing.	Reverse	osmosis,	ion	exchange,	and	carbon	adsorption	methods	are	also	used.	In	addition	to	this,	some	part	of	H2O2	directly	decomposes	to	hydroxyl	radicals	in	the	presence	of	cavitation	(as
explained	earlier)	as	shown	in	the	following	equation.	On	the	other	hand,	sulfide	precipitation	using	calcium	sulfide	as	the	precipitating	agent	can	operate	over	a	broad	range	of	pH	because	sulfides	are	insoluble	over	a	wide	range	of	pH.	Sonolytic	decomposition	of	aqueous	bioxalate	in	the	presence	of	ozone.	These	improvisations	directly	impact	the
process	efficiency,	and	with	improved	performance,	reduced	dosage,	and	wider	pH	applicability	along	with	better	economics,	these	products	are	finding	increased	acceptability	over	conventional	coagulants.	Ion-exchange	studies	in	the	removal	of	polybasic	acids.	Development	of	designer	solvents	for	improved	extractions	along	with	better
understanding	of	the	process	and	enhanced	physical	property	database.	In	industrial	wastewater	treatment	applications,	adsorption	is	commonly	performed	as	a	column	chromatography	operation	with	adsorption	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	97	and	regeneration	in	a	cyclic	manner.	Gao,	B.-Y.,	Chu,	Y.-
B.,	Yue,	Q.-Y.,	Wang,	B.-J.,	Wang,	S.-G.,	2005.	For	higher	transformational	cavitational	yield	of	an	acoustic	cavitation	reactor,	where	the	cavitational	yield	is	defined	as	moles	of	compound	oxidized/degraded	per	unit	energy	used,	a	larger	irradiating	surface	area	is	recommended	such	that	power	supplied	can	be	dissipated	into	a	larger	volume.	Grail
Research,	Water—The	India	Story,	2009,	viewed	09	May	2013,	.	Typical	concentrations	of	elements	in	treated	wastewater	effluent	from	conventional	sewage	treatment	processes	are	50	mg/L	of	nitrogen,	10	mg/L	of	phosphorus,	and	30	mg/L	of	potassium.	Herrmann,	J.,	Matos,	J.,	Disdier,	J.,	Guillard,	C.,	Laine,	J.,	Malato,	S.,	1999.	For	example,
bioprocesses	for	ethanol	production	generate	wastewaters	with	high	BOD	amenable	for	treatment	using	biological	methods.	The	tertiary	treatment	mainly	involves	polishing	to	remove	the	final	traces	of	the	pollutants;	this	typically	uses	only	physico-chemical	methods	such	as	adsorption,	ion	exchange,	and	membranes	as	processing	options.	Sono-
photocatalytic	degradation	of	2-chlorophenol	in	water:	kinetic	and	energetic	comparison	with	other	techniques.	The	capacity	and	production	volumes	of	dyes	and	pigment,	put	together,	are	well	above	several	thousand	tons	per	annum,	contributing	to	a	12%	share	in	the	world	market.	Advanced	Oxidation	Technologies	for	Wastewater	Treatment:	An
Overview	81	86	96	114	120	130	133	133	134	141	Virendra	K.	Innovative	physico-chemical	treatment	of	wastewater	incorporating	Moringa	oleifera	seed	coagulant.	42	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	1.4.8.2	Anaerobic	Treatment	The	anaerobic	treatment	of	industrial	wastewater,	as	shown	schematically	in	Figure	1.16,	has
become	increasingly	important	in	recent	years	as	a	result	of	environmental	protection	legislation,	rising	energy	costs,	and	problems	with	the	disposal	of	excess	sludge	formed	in	aerobic	treatment	processes.	Although	ozone	is	a	strong	oxidant,	there	are	certain	limitations	of	using	ozonation	as	an	effective	tool	for	the	degradation	of	organic	pollutants
on	an	industrial	scale.	Thus,	separation	science	and	technology	in	wastewater	treatment	is	no	longer	just	an	operation	to	purify/recover	products	but	also	an	important	tool	for	improving	cost	competitiveness,	boosting	energy	efficiency,	and	increasing	productivity	with	the	ultimate	goal	of	addressing	environmental	concerns.	Separation	processes
generally	represent	40–70%	of	both	capital	and	operating	costs	and	account	for	approximately	45%	of	energy	cost	in	the	70	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	chemical	and	petrochemical	industries.	Also,	operating	at	such	high	ratios	of	H2O2	may	not	be	economically	feasible	and	could	pose	safety	hazards.	Technologies	for
process	improvement	should	involve	improvement	in	any	or	both	of	these	operations,	either	in	isolation	or	in	the	form	of	process	integration.	We	have	recently	started	a	large	and	ambitious	program	entitled	Indus	MAGIC	(innovate,	develop,	and	up-scale	modular,	agile,	intensified,	and	continuous	processes;	see	www.indusmagic.org	for	more
information).	Industrial	wastewater	treatment.	The	most	important	methods	for	decoupling	the	residence	times	for	liquid	substrate	and	biomass	in	anaerobic	wastewater	treatment	include	either	internal	retention	or	external	separation	and	recycling.	Separation	of	closely	related	organic	acids	and	bases	dissociation	extraction.	When	specific	recovery
of	metal	ions	from	electroplating	wastes	is	needed,	application	of	adsorption	on	activated	carbon	or	ion	exchange	resins	becomes	a	difficult	task.	The	bottom	side	of	the	feed	tank	is	connected	to	the	suction	side	of	the	pump.	It	is	observed	that	the	first	order	reaction	rate	constant	of	2.565		103	min1	and	4.871		103	min1	obtained	by	applying	HC	alone
and	photocatalytic	process	alone	increases	marginally	to	6.837	103	min1	using	the	combined	HC	+	photocatalytic	process.	Chemical	and	allied	process	industries	use	water	extensively,	thus	making	them	water-intensive	industries.	I.	40	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Untreated	wastewater	Primary	treatment	Waste	+
Microorganisms	Treated	wastewater	Air	Aerobic	CO2	Sludge	for	disposal	Figure	1.14	Schematic	of	aerobic	biological	wastewater	treatment	process.	Regel-Rosocka,	M.,	Cieszynska,	K.,	Wisniewski,	M.,	2006.	Waidhas,	M.,	(Viewed	on	2	January,	2014).	The	mathematical	models	for	equilibrium	and	kinetics	are	most	useful	for	designing	wastewater
systems,	and	it	is	convenient	to	have	the	maximum	possible	information	through	appropriate	models	for	accurate	design,	scale-up,	and	physical	understanding	of	the	phenomenon	so	that	it	can	be	extended	to	similar	systems.	In	view	of	the	growing	water	requirements	for	the	agricultural	sector,	a	major	water-consuming	area,	water	for	industry	is
going	to	become	scarcer	and	scarcer	in	the	future.	Sorption	of	weak	acids	on	weak	base	resins.	Gogate	Chemical	Engineering	Department,	Institute	of	Chemical	Technology,	Mumbai,	India	V.	Ranade	Chemical	Engineering	and	Process	Development	Division,	CSIR-National	Chemical	Laboratory,	Pune,	India	Virendra	K.	(Continued)	146	Industrial
Wastewater	Treatment,	Recycling,	and	Reuse	T6	Quartz	tube	T1	T2	Effluent	in	hexagonal	annular	part	in	batch	mode	Sound	waves	T5	T4	T3	Ultrasound	transducers	(d)	Triple	frequency	flow	cell	Top	view	Radial	horn	Reaction	mixture	(e)	Ultrasonic	bath	with	radial	vibrating	horn	Figure	3.1,	cont'd	In	the	acoustic	cavitation	reactor,	the	cavitational
activity	is	found	to	be	maximum	only	near	to	the	irradiating	surface	of	the	horn/transducer;	hence,	the	major	challenge	in	the	design	of	such	a	reactor	is	to	dissipate	supplied	energy	more	uniformly.	6	(3),	36–39.	Novel	swirl-flow	reactor	for	kinetic	studies	of	semiconductor	photocatalysis.	They	are:	–	Organic	materials	–	Metals	and	metal	oxides	–
Insoluble	toxic	compounds	–	Stable	emulsions	(emulsified	oil)	–	Material	producing	color,	turbidity	–	Other	substances	such	as	drug	residues,	bacteria	and	viruses,	algae.	Ammonium	removal	from	aqueous	solution	by	ionexchange	using	packed	bed	natural	zeolite.	89,	1366–1375.	CFD	models	can	be	used	to	devise	optimal	configuration	to	avoid	re-
entrainment	as	well	as	to	realize	additional	advantages.	Anders	Hallsby,	William	H.	In	the	absence	of	any	effective	conventional	treatment	methodology	for	reactive	dyes,	it	is	imperative	to	develop	an	effective	formulation	in	the	form	of	combined	coagulants.	The	reactors	are	generally	steel	shells	where	wastewater	is	pumped	between	oppositely
charged	electrodes	whose	potential	difference	creates	hydroxyl	radicals	at	the	positively	charged	electrode	and	liberates	hydrogen	gas	at	the	negative	electrode.	It	was	observed	that	at	lower	pressure	(5	bar)	and	zero	dilution,	the	ratio	of	BOD/COD	increases	to	the	tune	of	0.24,	becoming	0.25	when	the	sample	dilution	is	25%.	203,	370–386.	The
surface	modification	of	adsorbent	materials	is	believed	to	improve	quantity	and	quality	of	the	adsorbing	sites	and	also	at	times	alter	functionality	of	the	surface	or	impart	ion	exchange	properties.	6.	It	is	quite	possible	that	both	physico-chemical	methods	and	biological	methods	may	be	able	to	achieve	desired	effluent	goals.	Thus,	the	nature	of	the
breakthrough	curve	108	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Feed	Regenerant	Breakthrough	curve	Feed	[HA]i	[HA]o	[HA]bo	tB	Time	Product	Used	regenerant	Figure	2.10	Ion	exchange	operation:	Column	and	breakthrough	curve	analysis.	Some	other	modifications,	such	as	electro-coagulation,	are	also	being	increasingly
considered	for	wastewater	treatment.	Nat.	Seif,	H.,	Malak,	M.,	2001.	Cr(VI)	is	believed	to	be	carcinogenic	and	10–100-fold	more	toxic	than	Cr(III).	Afterwards,	the	effects	are	reduced	because	of	scavenging	of	the	•OH	radicals	by	H2O2	itself	and	the	recombination	of	•OH	radicals	with	other	•OH	radicals	present	in	the	solution.	Comparative
assessment	of	downstream	processing	options	for	lactic	acid.	Kim,	T.H.,	Park,	C.,	Yang,	J.,	Kim,	S.,	2004.	Thus	these	processes	can	be	best	used	in	integration	with	other	processes	such	as	cavitation.	For	efficient	operation	of	aerobic	processes,	the	following	aspects	are	to	be	carefully	evaluated:	•	The	concentration	of	nutrients	in	the	wastewater
should	not	be	too	low.	The	nature	of	pollutants	and	levels	of	BOD/chemical	oxygen	demand	(COD)	also	vary	drastically	in	these	industry	classes.	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	139	Parulekar,	S.J.,	Sharma,	M.M.,	Joshi,	J.B.,	Shah,	Y.T.,	1982.	The	fundamental	advantage	of	an	aerobic	treatment	is	that
oxidative	degradation	of	the	carbon	substrates	provides	the	energy	required	for	propagation	of	the	microorganisms	that	act	as	the	biocatalyst.	Thus,	it	is	shown	that	HC	is	capable	of	reducing	the	toxicity	of	distillery	wastewater,	and	pretreatment	increases	the	biodegradability	of	the	BDWW.	Soc.	It	is	essential	that	the	interrelationships	between	these
methods	be	understood	in	order	to	maximize	the	efficiency	of	the	overall	effluent	treatment	process.	There	is	an	urgent	need	to	identify	new	commercially	applicable	technologies	that	can	treat	complex	industrial	wastewaters.	78,	96	pp.	Nickel	removal	from	wastewater	by	electroflocculation-filtration	hybridization.	It	is	also	important	that	a
comparison	of	two	or	more	methods	is	required	for	techno-economic	feasibility	analysis	of	the	wastewater	treatment.	Degradation	of	aldrin	in	adsorbed	system	using	advanced	oxidation	processes:	comparison	of	the	treatment	methods.	The	total	or	partial	success	of	these	AOPs	in	relation	to	some	specific	biorefractory	pollutants	is	discussed	and
recommendations	are	made	to	arrive	at	an	optimized	treatment	methodology/flow	sheet.	Recent	developments	in	the	area	of	nanoadsorbents	and	applications	in	the	removal	of	inorganic	and	organic	pollutants	have	been	discussed	by	Ali	(2012),	indicating	advantages	in	terms	of	low	dose	and	high	rate	for	nanomaterials	as	adsorbents.	In	the	case	of
HC,	simultaneous	processing	is	difficult	to	achieve	because	of	complexity	in	designing	and	fabricating	a	hydrodynamically	cavitating	device	mounted	with	a	UV	lamp;	however,	a	sequential	process	of	HC	and	photocatalyst	is	easy	to	design	and	construct.	Application	of	different	physico-chemical	methods	such	as	ion	exchange	(Maturana	et	al.,	2011),
adsorption	(Chen	et	al.,	2012),	membrane	filtration	(Mungray	et	al.,	2012),	solvent	extraction	(Regel-Rosocka	et	al.,	2006),	precipitation,	and	others	have	been	reported	for	the	removal	of	metallic	species	from	wastewater	streams.	Researchers	have	now	started	to	look	at	HC	as	a	future	technology	for	wastewater	treatment.	Choi,	W.,	Hoffmann,	M.R.,
1997.	In	particular,	Dr.	(Ms.)	Laxmi	xiv	Preface	Gayatri	Sorokhaibam	has	been	of	great	assistance	throughout	the	progress	of	this	book—collecting	information,	critically	reading	the	manuscripts,	and	providing	useful	comments.	12	(1–2),	21–27.	10	(2),	107–149.	Dissociation	extraction:	prediction	of	separation	factor	and	selection	of	solvent.	However,
in	reality,	this	is	rarely	possible	and	typically	dispersive	fronts	are	common.	Belsan,	G.	2,	37.	Bhandari,	Vivek	V.	1.5.3	Food	Industry	One	important	industry	sector	that	conventionally	uses	biological	methods	of	treatment,	mostly	activated	sludge	processes,	is	the	food	industry.	81	82	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	removing
pollutants	from	the	effluent.	Biological	approaches	for	treatment	of	distillery	wastewater:	a	review.	The	present	overview	clearly	indicates	the	availability	of	suitable	technology	for	industrial	wastewater	treatment	in	almost	all	cases	and	at	times	ways	and	means	for	water-saving.	68,	312–319.	(United	States	of	America.)	CODEN:	USXXCO.	2.3.6	Case
Study:	Adsorption/Ion	Exchange	for	Acid	Removal	Organic	acids	are	major	commercial	chemicals,	and	their	recovery/separation	from	reaction	mixtures,	fermentation	broths,	and	wastewaters	has	been	a	challenging	problem	for	over	four	decades.	Therefore,	experimental	studies	need	to	be	conducted	at	the	laboratory	level	to	establish	the	effect	of
solution	pH	and	ionic	species	on	the	degradation	of	pollutants	to	be	treated	using	HC.	17	(12),	1371–1378.	Hydrodynamic	cavitation	(HC)	can	simply	be	generated	by	the	passage	of	the	liquid	through	a	constriction	such	as	an	orifice	plate.	Hence,	additional	supplements	of	•OH	radicals	should	enhance	the	rate	of	degradation	of	pollutants.	The
efficiency	of	the	Fenton	reaction	depends	mainly	on	H2O2	concentration,	the	Fe2+/H2O2	ratio,	pH,	and	reaction	time.	32,	2481–2496.	Central	Pollution	Control	Board,	2005b.	Effluent	treatment	can	get	complicated	because	of	the	presence	of	toxic	pollutants	and/or	number	of	pollutants	such	as	metals	and	organics	existing	at	the	same	time,	requiring
multiple	solutions,	sequential	solutions,	or	parallel	solutions.	Further,	providing	solutions	for	wastewater	treatment	has	dented	its	profitability	and	sustainability	substantially	because	of	extra	expenditures	for	investing	in	land,	equipment,	and	operations.	(2006)	compared	performance	of	PAC	with	polyferric	chloride	and	poly-silicate-aluminum-ferric
chloride	(PSAFC)	in	the	treatment	of	dye	wastewater.	2,	671	pp.	This	aspect	is	further	supported	by	the	fact	that	when	PAC	or	poly	DADMAC	alone	is	not	effective,	the	formulation	of	PAC	and	poly	DADMAC	works	effectively.	The	efficacy	of	development	of	coagulant	formulations	in	altering	the	coagulation	process	performance	is	shown	in	Figures	2.4,
2.5,	and	2.6	using	data	from	our	own	studies	(Ashtekar,	2007;	Ashtekar	et	al.,	2010).	Fox,	M.A.,	Duley,	M.T.,	1993.	Energy	is	utilized	in	the	form	of	biogas.	In	a	nutshell,	it	can	be	said	that	developments	in	treatment	technology	have	failed	to	keep	pace	with	the	developments	in	process	and	synthesis	technology.	If	the	throttling	is	sufficient	to	reduce
the	absolute	local	pressure	below	the	vapor	pressure	(at	the	operating	temperature),	spontaneous	vaporization	of	the	medium	in	the	form	of	microbubbles	(nucleation)	occurs.	Separation	of	2,3-	and	2,6dichlorophenols	by	dissociation	extraction.	3.4.2.3	Wavelength	of	Irradiation	The	threshold	wavelength	corresponds	to	the	band	gap	energy	for	the
semiconductor	catalyst,	e.g.,	for	the	TiO2	catalyst	having	a	band	gap	energy	of	3.02	eV,	the	ideal	wavelength	is	400	nm	(Herrmann	et	al.,	1999).	Hence,	in	the	combined	process	of	Fenton	and	UV	radiation,	•OH	radicals	are	generated	in	three	ways	and	hence	the	concentration	of	•OH	radicals	in	the	solution	enhances	significantly.	Because	India	is	a
developing	country,	its	industrial	development	is	rapid.	The	prolonged	period	of	exposure	to	polluted	waters	is	also	an	immense	threat	to	the	food	and	subsequently	to	human	life.	Recovery	of	energy	in	the	form	of	biogas,	power	4.	A	major	disadvantage	of	aerobic	processes	is	large	amounts	of	biomass	(clarification	sludge)	that	is	formed
simultaneously	because	of	the	aerobic	nature	of	the	phenomenon.	Typically,	the	raw	materials	used	in	the	dye	industry	include	organic	compounds	such	as	benzene,	xylene,	toluene,	aniline,	anthtraquinone,	and	naphthalene,	along	with	other	chemicals	such	as	acids	(sulfuric,	nitric,	HCl,	acetic	acid),	ammonia,	sodium	hydroxide,	and	sodium/potassium
salts	(carbonates	and	sulfates).	This	is	typically	a	seasonal	industry,	and	therefore	there	is	no	regular	generation	of	wastewater	throughout	the	year	similarly	to	the	chemical	industry.	Characterization	and	coagulation	of	a	polyaluminum	chloride	(PAC)	coagulant	with	high	Al13	content.	It	is	not	an	exaggeration	to	say	that	the	future	of	the	chemical
industry	is	very	strongly	related	to	how	effectively	industrial	wastewater	is	treated,	recycled,	and	reused.	Although	this	area	appears	to	hold	much	potential	for	future	applications,	only	a	few	studies	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	67	have	been	undertaken	so	far	for	industrial	wastewater	treatment.	Husson,
S.M.,	King,	C.J.,	1999.	Thus,	among	the	list	of	waste-generating	industries,	some	of	the	most	hazardous	wastewater	comes	from	sectors	such	as	mining,	pulp	mills,	tanneries,	refineries,	sugar	production/distillery,	and	pharmaceuticals.	Among	all	the	AOPs	studied,	HC	has	the	potential	for	application	on	a	larger	scale	because	of	its	capability	for
generating	hydroxyl	radicals	under	ambient	conditions,	its	ease	of	scale-up,	and	its	lower	material	costs,	making	it	more	economically	feasible.	Catal.	Separation	of	close	boiling	organic	acids	and	bases	by	dissociation	extraction:	chlorophenols,	N-alkylanilines	and	chlorobenzoic	acids.	The	sonochemical	element	should	be	designed	with	power
dissipation	over	a	wider	area	(more	energy	efficiency	and	also	larger	cavitational	yield);	hence,	ultrasonic	bath-type	reactors	or	parallel	plate	reactors	with	multiple	transducers	are	recommended	(Gogate	et	al.,	2001,	2003).	Muthukrishnan,	M.,	Guha,	B.K.,	2006.	Ashtekar,	V.S.,	2007.	There	are	many	people	to	thank	who	made	this	book	possible.
Photocatalytic	oxidation	of	phenol	in	the	presence	of	hydrogen	peroxide	and	titanium	dioxide	power.	Cavitation	devices	for	water	treatment	4.	It	belongs	to	a	class	of	electrochemical	processes	wherein	the	electrical	source	is	used	to	generate	coagulating	species.	Most	of	these	processes,	apart	from	biological	treatment	and	chemical	oxidation,	do	not
involve	chemical	transformations	and	therefore	generally	transfer	waste	components	from	one	phase	to	another,	thus	causing	secondary	loading	of	the	environment.	Process	changes	in	the	operations,	such	as	replacing	precipitation	of	reactive	dyes	by	salting	out	with	spray	drying,	can	drastically	reduce	the	wastewater	generation,	which	otherwise	is
huge	and	has	high	COD	and	TDS.	Most	of	the	methods	generate	secondary	waste	streams	in	the	form	of	sludge	or	a	secondary	stream,	though	on	a	much	smaller	scale	compared	to	the	wastewater	treated.	Removal	of	Cr(VI)	from	model	solutions	by	a	combined	electrocoagulation	sorption	process.	The	Fenton	process	is	the	simplest	of	all	the	advanced
oxidation	processes.	The	efficiency	of	the	acoustic	cavitation	reactor	depends	on	the	intensity	of	the	cavity	collapse,	which	in	turn	depends	on	the	total	number	of	cavitational	events	occurring	inside	the	reactor	and	the	final	cavity	collapse	pressure.	In	the	case	of	the	combined	process	of	HC	and	photocatalysis,	the	synergetic	effect	was	not	seen.	170
(2–3),	871–875.	Water	Scarcity	.	Principles	of	Adsorption	&	Adsorption	Process.	For	example,	when	capacity	may	be	high,	but	rates	of	exchange	are	very	low,	the	resin	may	not	be	suitable	for	the	application,	and	a	comparatively	low	capacity	resin	with	better	rates	of	exchange	will	have	to	be	chosen.	Figure	3.2	shows	the	hydrodynamic	generation	of
cavities	schematically.	42,	320–328.	Previously,	the	industrial	model	concentrated	mainly	on	the	development	of	small-scale	industries,	thereby	providing	developmental	opportunities	to	rural	sectors.	The	energy	consumption	may,	however,	depend	on	the	COD	level	of	the	wastewater.	The	Fenton	process	is	very	successful	in	COD	reduction	from
around	5000–6000	ppm	COD	to	Year:	2,014	City:	[S.l.]	Pages:	577	Pages	In	File:	577	Language:	English	Identifier:	0080999689,978-0-08-099968-5	Org	File	Size:	8,380,736	Extension:	pdf	This	will	74	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	facilitate	transmission	and	assimilation	of	the	most	suitable	technologies	in	the	industries,
which	will	impact	positively	and	reduce	environmental	pollution	apart	from	helping	water	conservation.	Activated	neem	leaf:	a	novel	adsorbent	for	the	removal	of	phenol,	4-nitrophenol	and	4-chlorophenol	from	aqueous	solutions.	Technol.	Flow	cells	having	transducers	at	multiple	locations	fitted	at	different	heights	and	irradiating	planes	can	be	used	to
increase	the	irradiation	surface	and	hence	the	energy	transfer	efficiency.	158	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.3	FENTON	CHEMISTRY	The	Fenton	process	involves	the	application	of	iron	salts	and	H2O2	to	produce	hydroxyl	radicals.	The	fact	that	wastewater	can	be	considered	as	a	useful	and	potential	resource	is	grossly
ignored.	With	a	process	modification,	the	industry	can	produce	much	less	wastewater,	to	the	tune	of	5	L	per	liter	of	alcohol;	however,	the	BOD	levels	are	significantly	altered:	90,000	mg/L	compared	to	40,000	mg/L	previously.	Thus,	more	•OH	radicals	will	be	generated	if	H2O2	is	used	in	combination	with	a	cavitational	process	because	the	energy
required	for	the	dissociation	of	H2O2	will	be	available	through	the	cavitation.	A:	Inorg.,	Phys.,	Theor.	The	functional	properties	and	advancement	in	the	zeolites	can	be	obtained	in	the	production	process	through	change	in	parameters	such	as	Si/Al	ratio,	Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	103	structure	and
porosity	of	the	material,	ionic	species,	and	reaction	conditions	apart	from	further	modifications,	for	example	by	exchanging	different	ions.	color.	Application	of	physico-chemical	methods,	in	the	conventional	form	as	well	as	process	integration,	can	be	the	preferred	option	for	copper	removal	as	well	as	its	recovery.	If	the	overall	effects	point	toward
unsustainability	of	the	environment,	such	industry	then	becomes	unsustainable	from	a	long-term	point	of	view.	The	hydrodynamic	cavitation	device	is	simple	in	construction,	without	any	moving	parts,	and	easy	to	operate.	–	What	rate	laws	are	obeyed.	33,	2009–2024.	41,	233–266.	In	general,	flue	gas	treatment	along	with	proper	disposal	or	reuse	for
the	slag/	ash	produced	during	incineration	is	always	required.	Sorption	of	strong	acids	on	weak	base	resins.	For	example,	the	steel	industry	in	India	consumes	25–60	m3	water/ton	of	steel,	which	is	8–10	times	higher	than	that	in	developed	countries.	The	operating	inlet	pressure	and	cavitation	number	also	depend	on	the	type	of	effluent	to	be	treated
because	the	physico-chemical	properties	(surface	tension,	density,	etc.)	of	the	effluent	affect	the	cavity	generation	rate	and	its	subsequent	dynamic.	3,	2–29.	It	can	be	seen	from	the	figure	that	the	combined	process	of	HC	and	Fenton	is	most	energy	efficient.	Int.	Review	on	sonochemical	methods	in	the	presence	of	catalysts	and	chemical	additives	for
treatment	of	organic	pollutants	in	wastewater.	Among	the	different	technologies	reported	in	the	literature	for	the	treatment	of	highly	contaminated	effluents,	Fenton’s	reagent	is	characterized	by	its	cost	effectiveness,	simplicity,	and	suitability	for	treating	aqueous	wastes	showing	variable	compositions.	Operating	characteristics	and	kinetic	studies	of
surfactant	wastewater	treatment	by	Fenton	oxidation.	Eng.	Sonochemical	degradation	of	carbon	tetrachloride	in	aqueous	solution	at	two	frequencies:	20	kHz	and	500	kHz.	Ultrason.	ac.in/bvbabu/BVBabu_Water_Digest_Jan_2008.pdf.	Any	small-	or	medium-scale	industry	would	have	the	abovementioned	infrastructure,	which	makes	Fenton	oxidation	the
most	appropriate	process	for	taking	the	first	step	toward	advanced	oxidation	treatment.	Completely	green,	environmentally	friendly	process	4.	This	important	area	therefore	attracted	attention	of	a	number	of	researchers	and	a	good	amount	of	literature	exists	in	this	regard.	More	OH	radicals	are	generated	through	the	dissociation	of	water	molecules
under	cavitational	conditions,	in	addition	to	those	generated	by	photocatalytic	process,	thereby	increasing	the	concentration	of	OH	radicals	in	the	solution	for	the	oxidation	of	pollutant	molecules.	The	size	of	the	required	throat	depends	on	the	cavitation	number.	Degradation	of	alachlor	in	aqueous	solution	by	using	hydrodynamic	cavitation.	The
degradation	of	imidacloprid	using	HC	was	first	optimized	in	terms	of	operating	inlet	pressure	and	solution	pH	by	carrying	out	experiments	at	different	inlet	pressures	and	pHs.	Further	experiments	were	then	conducted	at	the	optimum	inlet	pressure	and	solution	pH	of	2.7.	The	experiments	using	the	combined	process	of	HC	and	H2O2	were	carried	out
at	a	different	molar	ratio	of	imidacloprid:H2O2	to	establish	the	optimum	loading	of	H2O2	for	the	degradation	of	imidacloprid	using	combined	processes	of	HC	and	H2O2.	Mane,	J.D.,	Kumbhar,	D.L.,	Barge,	S.C.,	Phadnis,	S.P.,	Bhandari,	V.M.,	2003.	Many	times,	the	biomass-derived	adsorbent	need	not	be	regenerated	and	can	be	destroyed/burnt	as	fuel.
Kinetics	of	ion	exchange	in	weak	base	anion	exchange	resins.	A	useful	adsorption	isotherm.	The	unreacted	zone	moves	in	the	direction	of	flow,	as	shown	in	Figure	2.10.	Laboratoryscale	studies	are	essential	to	establish	this	optimum	for	the	effluent	stream	in	question.	Electrocoagulation	is	preferred	over	chemical	coagulation	(Meunier	et	al.,	2006).
Chemical	oxidation	of	2,6-dimethylaniline	in	the	fenton	process	Env.	Usually,	it	has	been	observed	that	the	percentage	degradation	of	the	pollutant	increases	with	an	increase	in	the	dosage	of	H2O2	until	it	reaches	an	optimum	value	(Masomboon	et	al.,	2009;	Zhonga	et	al.,	2009).	The	biodegradability	enhancement	of	distillery	wastewater	using	HC	as
reported	in	the	case	study	proves	that	this	method	can	be	used	effectively	as	a	pretreatment	method	in	relation	to	existing	biological	treatment	such	that	the	efficiency	of	a	conventional	process	can	be	improved	many	fold.	The	cationic	species	neutralize	negative	charges	on	the	pollutant	species,	and	the	process	requires	a	just-sufficient	dose
corresponding	to	quantity	of	colloids	and	surface	charge,	especially	in	the	adsorption/charge	neutralization	mechanism.	Ait	Ouaissa,	Y.,	Chabani,	M.,	Amrane,	A.,	Bensmaili,	A.,	2013.	Recovery	of	very	dilute	acetic	acid	using	ion	exchange.	Another	goal	that	is	becoming	increasingly	important	and	relevant	is	not	just	removal/recovery	of	pollutants	but
that	of	water	as	well.	Sonochemistry:	environmental	science	and	engineering	applications.	The	equilibrium	capacity	gives	the	maximum	theoretical	capacity	that	can	be	obtained,	while	in	real-world	operations,	more	useful	terminologies	such	as	operating	capacity	and	breakthrough	capacity	are	commonly	used.	On	the	other	hand,	the	high	fabrication
and	maintenance	costs	of	advanced	tertiary	treatment	make	these	processes	uneconomical.	(2001)	have	studied	the	effect	of	SO4		,	CO3		,	Cl,	and	HCO3		ions	on	the	overall	degradation	rates	and	reported	that	the	detrimental	effects	are	observed	in	the	order	SO4		<	CO3		<	Cl	<	HCO3		.	The	efficiency	of	H2O2	in	oxidizing	organic	pollutants	depends
very	much	on	the	generation	of	•OH	radicals	through	the	dissociation	of	H2O2.	For	a	typical	situation	in	India,	taking	the	price	of	electricity	as	Rs.	10	per	kWh,	pump	efficiency	as	0.66,	and	pressure	drop	across	the	diode	as	2.4	atm,	the	cost	of	treatment	comes	out	at	NcRs./m3	of	effluent.	Ease	of	regeneration,	important	for	techno-economic
feasibility.	Guyer,	J.P.,	2011.	Figure	3.3	shows	the	schematic	of	the	laboratory-scale	HC	setup.	In:	Sixth	International	Water	Technology	Conference	(IWTC),	Egypt,	pp.	p-Aminophenol	degradation	by	ozonation	combined	with	sonolysis:	operating	conditions	influence	and	mechanism.	This	charge	neutralization	in	coagulation	is	mathematically
quantified	using	the	value	of	the	zeta	potential	parameter,	which	can	be	used	for	predicting	stability	and	is	pH	dependent.	Ltd.),	Pune,	India	Parag	R.	A	popular	mode	involves	a	two-stage	operation:	stage	I	for	acidogenic	microorganisms	and	stage	II	for	mainly	methanogenic	microorganisms.	Emphasis	is	given	to	industrial	applications	and	the
removal	of	pollutants	in	wastewater	treatment.	9	(3),	123–131.	Textile	wastewater	treatment.	An	efficient	design	should	aim	at	maximizing	both	these	attributes	of	the	process.	Thus,	the	cavitational	condition	can	be	altered	by	changing	the	ratio	of	the	perimeter	of	cavitating	holes	to	the	cross-sectional	156	Industrial	Wastewater	Treatment,	Recycling,
and	Reuse	area	(a),	and	the	ratio	of	the	throat/orifice	diameter	to	the	pipe	diameter	and	the	divergent	angle	(in	the	case	of	a	venturi).	Nagata,	Y.,	Nakagawa,	M.,	Okuno,	H.,	Mizukoshi,	Y.,	Yim,	B.,	Maeda,	Y.,	2000.	Table	1.6	Sustainability	Criteria:	Current	Status	Coagulation	Indicators	Adsorption	Biological	Membrane	Cavitation	Oxidation	Aerobic
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142,	477–482.	Low	cost	adsorbents	for	the	removal	of	organic	pollutants	from	wastewater.	Predicting	adsorption	behavior	through	modeling	and	simulation.	Urban	Wastewater	Treatment	for	Recycling	and	Reuse	in	Industrial	Applications:	Indian	Scenario	vii	265	265	281	283	R.	Desalination	197,	23–32.	Rozˇic´,	M.,	Cerjan-Stefanovic´,	Sˇ.,	Kurajica,
S.,	Vancˇina,	V.,	Hodzˇic´,	E.,	2000.	A	major	part	of	the	pollution	load	is	in	the	form	of	organics	(BOD/COD/TOC)	that	can	be	removed	using	oxidations,	adsorption/ion	exchange,	chemical	precipitation,	and	higher-end	membrane	separations	(e.g.,	UF/NF	and	RO),	apart	from	biological	processes	(such	as	aerobic	and	anaerobic	processes).	However,
further	research	work	needs	to	be	done	in	the	direction	of	developing	AOPs	for	the	treatment	of	real	industrial	effluents,	and	focus	should	be	in	the	direction	of	solving	scale-up	problems	such	as	challenges	in	the	design	and	obtaining	higher	degradation	possibly	at	lower	levels	of	energy	requirements.	Economic	considerations	and	effectiveness	of
these	processes	in	treating	a	real	industrial	complex	effluent	on	a	larger	scale	are	the	major	challenges	to	be	overcome	for	the	successful	implementation	of	these	technologies.	Significant	improvements	can	be	obtained	for	most	of	the	adsorption	processes	with	proper	scientific	modifications,	either	through	material	modifications	or	through	process



modifications.	Separations	from	dilute	solutions	have	been	receiving	wide	attention	recently	because	of	the	need	for	recovery	of	small	quantities	of	high-value	materials	(e.g.,	in	the	pharmaceutical	industry)	and	removal	of	contaminants	from	dilute	aqueous	and	organic	streams.	1.4.9	Hybrid	Separations	The	chemical	industry	can	be	conveniently
defined	as	a	combination	of	reaction	and	separation	processes.	Pandare,	A.,	Ranade,	V.V.,	2013.	The	use	of	untreated	sewage	wastewater,	if	used	for	agriculture,	is	similarly	hazardous	from	a	human	health	point	of	view.	Hydrometallurgy	104,	222–234.	136	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Bhandari,	V.M.,	Juvekar,	V.A.,
Patwardhan,	S.R.,	1997.	Zaharia,	C.,	Suteu,	D.,	2012.	Today,	the	requirement	of	clean	water	for	the	growing	population	has	already	reached	a	demanding	stage.	40	(22),	4681–4715.	Industrial	wastewater	treatment	using	hydrodynamic	cavitation	and	heterogeneous	advanced	Fenton	processing.	While	developed	countries	consume	much	less	water	for
agriculture,	of	the	order	of	just	30%	of	the	total,	developing	countries	such	as	India	consume	water	for	agriculture	at	a	rate	of	80%.	The	most	prominent	advances	among	inorganic	coagulants	include	polymers	such	as	PAC,	PAS,	and	polyaluminumchloro-sulfates,	with	substantial	variation	in	their	properties	due	to	molecular	weight	and	basicity.
Effective	regeneration	of	materials	is	also	critical	to	efficient	operation	and	increased	life.	Juang,	R.-S.,	Chou,	T.-C.,	1996.	Anders	Hallsby	Nalco	Company,	Naperville,	Illinois,	USA	Atanu	Basu	Nalco	Water	India	Ltd.,	Pune,	India	Michael	A.	The	number	of	cavities	being	generated	and	the	pressure/temperature	pulse	generated	due	to	cavity	collapse
depend	very	much	on	the	inlet	pressure	and	the	cavitation	number.	112,	95–103.	Ltd.,	Pune,	India	William	H.	RANADE	VINAY	M.	It	can	also	be	termed	destabilization	of	colloids	that	otherwise	are	in	stable	suspension	form.	2.3.2.1	Adsorption	Isotherm	Adsorption	isotherm	is	in	simple	terms	a	mathematical	expression	of	equilibrium	adsorbate	loading
on	adsorbent	as	a	function	of	concentration	at	constant	temperature.	The	reaction	can	be	carried	out	using	either	a	batch	mode	or	a	continuous	mode	with	simple	reactor	design.	To	continue	to	be	sustainable,	industry	must	progress	through	improved	processes,	research	and	development,	decreasing	energy	costs,	and	improving	salability	of	its
products.	With	this	evaluation,	the	technologies	for	primary,	secondary,	and	tertiary	(if	required)	treatment	are	identified;	then	a	techno-economic	feasibility	analysis	needs	to	be	carried	out.	Newer	configurations	are	needed	for	reducing	fouling	problems	and	for	improved	performance,	along	with	confidence-building	measures	in	the	application	of
newer	methodologies	such	as	MBR.	•	Equipment	models	aim	to	use	computational	fluid	dynamics	(CFD)	models	to	optimize	and	intensify	individual	equipment	used	in	the	treatment	plant.	Removal	of	heavy	metals	from	wastewater	using	micellar	enhanced	ultrafiltration	technique:	a	review,	Central	European.	A	detailed	analysis	will	be	required	for
investigating	the	effect	of	oxidant	concentrations	on	the	extent	of	degradation	before	adjustment	in	the	dose	of	oxidants.	Throat	Inlet	Slit	venturi	Inlet	H	Circular	venturi	do	W	C/S	of	circular	venturi	Single	hole	orifice	plate	C/S	of	slit	venturi	Multiple	hole	orifice	plate	Figure	3.4	Schematic	diagram	of	different	cavitating	devices.	Recovery	of	water
soluble	C1–C4	acids	from	acid	wastewaters	of	the	production	of	synthetic	fats.	The	chemical	effects	of	ultrasound.	Finally,	an	economic	analysis	needs	to	be	performed	to	select	suitable	coagulant	and	optimum	processing	parameters.	As	far	as	the	removal	of	ammoniacal	nitrogen	is	concerned,	the	hydrodynamic	cavitation	with	a	vortex	diode	appears
to	be	far	more	effective	and	produced	near	total	removal	of	ammoniacal	nitrogen	from	the	real	industrial	wastewaters	in	some	cases	(Table	2.4,	Figure	2.21).	Analysis	of	data	using	a	PAC	concentration	of	200	ppm	and	varying	the	concentration	of	poly	DADMAC	from	20	to	100	ppm	shows	significant	modification	in	the	operating	pH	range.	Industrial
Organic	Processes.	Further,	cavitation	can	be	satisfactory	as	a	single	technology	for	effluent	treatment,	or	it	can	be	employed	efficiently	in	hybrid	combinations	with	most	other	conventional	separations,	thereby	proving	to	be	potentially	cost-effective	and	thus	technoeconomically	feasible	option	for	industrial	wastewater	treatment.	Fox	and	Duley
(1993)	and	Davis	and	Huang	(1991)	reported	that	pH	had	a	marginal	effect	on	the	extent	of	degradation	over	the	range	of	pH	used	in	their	work.	This	is	exactly	where	the	conflict	of	interest	is	likely	to	occur	and	is	crucial	from	the	point	of	view	of	sustainability.	Photochem.	Sequencing	batch	reactor	–	Only	one	reactor	for	both	aeration	and	sludge
settlement—lower	capital	cost.	Review	of	metal	sulphide	precipitation.	Further	efforts	are	required	on	the	experimental	front	as	well	as	in	terms	of	kinetic	modeling	to	establish	this	method	as	an	effective	pretreatment	method	for	different	industrial	effluents	with	a	high	degree	of	efficiency	and	lower	treatment	costs.	This	is,	however,	not	always	the
case,	and	for	all	the	dyes	and	contributions	of	other	mechanism	types	can	be	seen	at	substantially	high	concentrations	in	the	form	of	reduced	efficiency	for	some	dyes.	Some	metals	that	are	relevant	to	wastewater	treatment	are	briefly	discussed	in	Table	1.4.	(source	for	discharge	limits:	(www.cpcb.nic.in/generalstandards.pdf)	Pb	Oxidizing	the	water
soluble	Mn(II)	to	insoluble	Mn(IV)	in	the	form	of	MnO2	using	KMnO4,	can	be	coupled	with	coagulation.	first	ed	WILEY-VCH	Verlag	GmbH	&	Co.	KGaA,	Weinheim.	41,	1–11.	Given	the	same	organic	load,	excess	sludge	formation	is	lowered	by	a	factor	of	10	in	an	anaerobic	process.	The	status	indicated	by	4-	and	5-open	circle	symbols	represent	the
developed	nature	of	the	process,	while	the	3-star	black	status	indicates	considerable	room	for	further	development.	62,	7163–7171.	Thesis,	University	of	Pune.	Bhandari,	V.M.,	Yonemoto,	T.,	Juvekar,	V.A.,	2000.	31,	1409–1425.	Sharma	Helium	Consulting	Private	Limited,	Pune,	India	Manish	Singh	Nalco	Water	India	Ltd.,	Pune,	India	R.R.	Sonde	R.D.
Aga	Research,	Technology	and	Innovation	Centre,	Thermax	Ltd.,	Pune,	India	Laxmi	Gayatri	Sorokhaibam	Chemical	Engineering	&	Process	Development	Division,	CSIR-National	Chemical	Laboratory,	Pune,	India	Nilesh	Tantak	Aquatech	Systems	(Asia)	Pvt.	6	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Figure	1.4	India’s	sources	of	water
for	industry.	Cavitation	was	achieved	using	a	circular	venturi	(shown	in	Figure	3.13).	The	methanogenic	operation	is	usually	implemented	in	the	form	of	an	upflow	anaerobic	sludge	blanket	(UASB)	or	fixed-bed	reactor.	%	Color	removal	100	80	PAC:	Alum:	PolyDADMAC	100:500:60	60	100:500:60	40	20	0	3	5	pH	7	9	11	12	Figure	2.6	Process
improvement	using	three-component	coagulant	formulations.	Typically,	advanced	models	are	applied	to:	•	Get	more	out	of	existing	assets	•	Reduce	spatial	footprint	•	Reduce	capital	costs	for	new	assets	•	Conform	to	new	efficiency	and	environmental	norms	•	Plan	for	“off	design”	operating	points/sudden	changes	•	Reduce	the	cost	of	treatment.	These
include	activated	carbon	(powder,	granules,	activated	carbon	fiber),	zeolites	(A,	X,	Y,	ZSM-5,	silicalite,	ALPO),	inorganic	oxides	(silica,	alumina),	and	polymers.	Ali,	I.,	Asim,	M.,	Khan,	T.A.,	2012.	Developed	by	Langmuir	in	1916	(Langmuir,	Table	2.2	Commonly	used	forms	of	adsorption	isotherm	Langmuir	Ce	Ce	1	qe	¼	aL	bL	+	aL	Dubinin-
Radushkevich	h		i2	ln	qe	¼	ln	qD		BD	RT	ln	1	+	C1e	Freundlich	qe	¼	K	C1/n	e	Redlich-Peterson	ln½K	R	ðC	e	=qe	Þ		1	¼	ln	aR		b	lnC	e	100	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	1916),	originally,	it	was	a	theoretical	equilibrium	isotherm	relating	to	the	amount	of	gas	adsorbed	per	unit	mass	of	the	adsorbent.	Kalyanraman	R.D.	Aga
Research,	Technology	and	Innovation	Centre,	Thermax	Ltd.,	Pune,	India	Johannes	Leonhauser	Filtration,	Membrane	Technology	and	Waste	Water,	Bayer	Technology	Services	GmbH,	Leverkusen,	Germany	Ling	Liang	Nalco	(China)	Environment	Solutions	Co.	Ltd,	Shanghai,	China	Aniruddha	B.	The	chemical	fertilizer	industry	also	contributes	greatly,
requiring	up	to	270	m3	water	per	ton	of	product,	and	the	iron	and	steel	industry	requires	water	to	the	tune	of	20–60	m3	per	ton	of	product,	while	the	high-quality	paper	industry	needs	a	maximum	8	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	Table	1.2	Major	Polluting	Industries	and	Nature	of	Pollutants	Major	Polluting	Industries	Nature
of	pollutants	Cement	Mills	(>200	t/day)	Sugar	Thermal	power	plants	Distilleries	Fertilizers	Petroleum/	Petrochemicals	Mining	industry	Integrated	iron	and	steel	Pulp	and	high-quality	paper	Tanneries	Pharmaceuticals	Dye	and	dye	intermediates/	textiles	Pesticides	Dust	particles,	alkali,	sulfur	oxides,	nitrogen	oxides,	heavy	metals,	waste	soil,	byproduct
gypsum,	coal	ash	Floor	washing	waste,	sugar	cane	juice,	molasses	Fly	ash,	heavy	metals,	coal,	oil,	suspended	solids	Glucose,	polysaccharides,	ethanol,	glycerol,	amino	acids,	proteins,	caramels,	high	concentration	of	salts,	organic	matter,	sulfates	Organics,	ammonia,	nitrate,	phosphorus,	fluoride,	cadmium/other	heavy	metals,	and	suspended	solids	Oil,
acid,	soda	sludge,	hydrogen	sulfide,	lead	sludge,	hydrocarbons,	spent	filter	clay,	ethylene	glycol,	1,4-dioxane	Heavy	metals	like	copper,	lead,	zinc,	mercury,	cadmium	oxide,	calcium	oxide,	sodium	oxide,	barium	oxide,	cuprous	oxide,	zinc	oxide,	sulfates,	chlorine,	lithium	oxide,	manganese	oxide,	magnesium	oxide,	silica,	gypsum,	hydroxides,	carbonates,
cyanide,	sulfur	Ammonia,	cyanide,	benzene,	naphthalene,	anthracene,	phenol,	cresol,	heavy	metals	High	concentration	of	chemicals	such	as	sodium	hydroxide,	sodium	carbonate,	sodium	sulfide,	bisulfide,	elemental	chlorine,	chlorine	dioxide,	calcium	oxide,	HCl,	organic	halides,	toxic	pollutants,	lime	mud,	wood	processing	residuals,	traces	of	heavy
metals,	pathogens	Organics,	heavy	metals	such	as	Cr,	ammoniacal	nitrogen,	acids,	salts,	sulfides,	suspended	solids,	dyes,	fats,	oil	Polycyclic	aromatic	hydrocarbons	(PAHs),	arsenic	trioxide,	chlorambucil,	epinephrine,	cyclophosphamide,	nicotine,	daunomycin,	nitroglycerin,	melphalan,	physostigmine,	mitomycin	C,	physostigmine	salicylate,
streptozotocin,	warfarin	over	0.3%,	uracil	mustard,	halogenated/	nonhalogenated	solvents,	organic	chemicals,	sludge	and	tars,	heavy	metals,	test	animal	remains	Complex	mixture	of	salts,	acids,	heavy	metals,	organochlorine-based	pesticides,	pigments,	dyes,	PAHs	Volatile	aromatics,	halomethanes,	cyanides,	haloethers,	heavy	metals,	chlorinated
ethane,	phthalates,	PAHs	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	9	Figure	1.6	Water	intensive	industries	most	critical	for	water	recycling	and	reuse.	The	observed	results	for	the	combined	process	of	cavitation	and	H2O2	illustrate	that	the	scavenging	of	free	radicals	by	H2O2	becomes	a	dominant	process	at	a	high
concentration	of	H2O2,	thereby	lowering	the	extent	of	degradation.	According	to	this	analysis,	incineration	cost	is	the	highest	followed	by	energy-intensive	processes	such	as	evaporation	and	wet	air	oxidation.	307,	136–148.	Ion	exchange	separations	–	selectivity	in	acid	sorption.	A	review	of	various	hybrid	materials	comprising	inorganic-inorganic,
inorganic-organic,	organic-organic,	and	inorganic-natural	polymers	has	been	presented	recently	by	Lee	et	al.	Tzoupanos,	N.D.,	Zouboulis,	A.I.,	2008.	56	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	The	dye	industry	generates	wastewaters	to	the	tune	of	8–75	m3	wastewater	per	ton	of	product,	and	dyes	such	as	reactive	dyes	are	prominent
along	with	dyes	and	pigment	in	producing	large	quantities	of	liquid	effluent.	Pradhan,	A.A.,	Gogate,	P.R.,	2010.	US	20080017591	A1	24	Jan	2008,	19	pp.	There	exists	a	critical	intensity	at	which	the	beneficial	effect	of	cavitation	starts	to	occur.	58,	2726–2742.	Developing	a	highly	selective	material	at	low	cost	is	therefore	a	serious	challenge	for	the
future.	However,	many	times,	this	alters	the	quality	of	wastewater	so	that	it	contains	more	refractive	pollutants	than	the	previous	process;	for	example,	in	the	distillery	industry,	the	conventional	process	generates	15	L	of	wastewater	per	liter	of	alcohol.	In	fact,	most	organic	polymers	perform	the	role	of	flocculant	more	than	as	coagulant.	An
alternative	to	the	use	of	a	catalyst	in	suspended	form	is	the	use	of	a	supported	photocatalyst.	Pandit,	A.B.,	Joshi,	J.B.,	1993.	The	advent	of	nanomaterials	has	also	increased	the	scope	of	investigating	advanced	adsorptive	separations	with	altogether	new	dimensions.	The	state	of	the	molecules,	i.e.,	hydrophobic	or	hydrophilic,	also	plays	an	important
role	in	the	degradation	of	pollutant	using	HC.	Kinetics	of	p-nitrophenol	degradation:	effect	of	reaction	conditions	and	cavitational	parameters	for	a	multiple	frequency	system.	The	scheme	of	various	reactions	due	to	the	photocatalytic	effect	can	be	given	as	follows:	UV	+	MO	!	MOðh	+	+	e	Þ	(3.18)	Here	MO	stands	for	metal	oxide	h	+	+	H2	O	!	H	+	+	•
OH	(3.19)	2h	+	+	2H2	O	!	2H	+	+	H2	O2	(3.20)	•	•	H2	O2	!	HO	+	OH	(3.21)	Reductive	reaction	due	to	the	photocatalytic	effect	have	been	given	as	follows:	e	+	O2	!•	O	2	(3.22)	+	•	O	2	+	H	!	HO2	(3.23)	•	+	O	2	+	HO2	+	H	!	H2	O2	+	O2	(3.24)	HOOH	!	HO•	+	•	OH	(3.25)	•	•	Hydroxyl	radicals	are	thus	generated,	which	have	the	highest	oxidation
potential,	and	they	react	with	organic	pollutants	to	oxidize/mineralize	them.	This	is	therefore	an	excellent	case	of	economic	development	versus	environmental	sustainability.	In	this	section,	we	identify	the	major	issues	pertaining	to	such	characterization	and	its	importance	in	the	total	methodology	of	water	treatment,	recycling,	and	reuse.	Step
aeration	–	Influent	addition	at	intermediate	points	provides	more	uniform	organic	removal	throughout	the	tank.	Mechanism	of	proton	transfer.	31,	1073–1080.	155	(1–2),	26–36.	“Industrial	wastewater	treatment,	recycling,	and	reuse	of	treated	water”	was	identified	as	one	of	the	key	needs	and	was	incorporated	as	one	of	the	major	sub-programs	of
Indus	MAGIC.	Application	of	Anaerobic	Membrane	Bioreactor	(AnMBR)	for	Low-Strength	Wastewater	Treatment	and	Energy	Generation	399	Janardhan	Bornare,	V.	2.2.1	Types	of	Coagulant	There	are	two	distinct	types	of	coagulant:	inorganic	and	organic	(Table	2.1).	16,	239–274.	If	this	is	not	possible,	identifying	the	nature	of	the	pollutant	can	help	in
the	assessment	of	risk	associated	with	mixing	that	stream	with	other	plant	effluents.	com/patents/WO2013054362A3?cl¼en	[Accessed:	20th	August	2013].	Readily	available	chemicals	for	treatment	3.	Removal	of	ammoniacal	nitrogen	(N-NH3)	from	municipal	solid	waste	leachate	by	using	activated	carbon	and	limestone.	Aljundi,	I.H.,	Belovich,	J.M.,
Talu,	O.,	2005.	Song,	W.,	Cheng,	M.,	Ma,	J.,	Ma,	W.,	Chen,	C.,	Zhao,	J.,	2006.	166	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	3.4.2.6	Effect	of	Ionic	Species	The	presence	of	ionic	species	may	affect	the	degradation	process	via	the	effect	on	the	process	of	adsorption	of	the	contaminants	on	catalyst	and	its	subsequent	reaction	with	hydroxyl
radical	ions,	and/or	absorption	of	UV	light.	Separation	of	close	boiling	point	mixtures	(p-cresol/m-cresol,	guaiacol/alkylphenols,	3-picoline/4-picoline,	substituted	anilines)	through	dissociation	extractive	crystallization.	It	is	to	be	noted	that	a	rice	crop	requires	a	12–18	mm	water	column	in	the	field	for	almost	half	of	crop	life.	161	(1),	202–207.	Sick
water?	Hung,	H.M.,	Hoffmann,	M.R.,	1999.	This	problem	has	emphasized	the	need	for	further	research	on	developing	effective	treatment/pretreatment	methods	for	safe	disposal	of	anaerobically	digested	distillery	wastewater.	Sci.	The	uploader	already	confirmed	that	they	had	the	permission	to	publish	it.	Many	problems	associated	with	the	application
of	ion	exchange	in	wastewater	treatment	need	to	be	addressed.	Usually	in	electrical	double-layer	suppression,	there	is	little	or	no	dependence	on	90	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	coagulant	dosage	after	the	minimum/optimum	dosage.	166	(3),	1066–1082.	Venkata	Mohan	Bioengineering	and	Environmental	Science	(BEES),
CSIR-Indian	Institute	of	Chemical	Technology	(CSIR-IICT),	Hyderabad,	India	CHAPTER	1	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	Vivek	V.	In	view	of	the	above	analysis	on	various	methods	of	wastewater	treatment,	their	characteristics,	advantages	and	disadvantages,	and	costs	of	operations,	and	on	the	basis	of
commercial	acceptance,	a	qualitative	analysis	of	major	commercial	physico-chemical	and	biological	methods	is	presented	in	Table	1.6.	The	analysis	represents	a	5-point	rating	for	each	of	these	processes	on	different	aspects	pertaining	to	economic,	environmental,	technical,	and	sociocultural	issues.	Aromatic	compound	degradation	in	water	using	a
combination	of	sonolysis	and	ozonolysis.	Some	prior	background	in	separation	processes	and	industrial	practices	is	assumed.	New	materials/material	modifications	–	New	adsorbents	from	biomass,	polymers,	nanomaterials	–	Immobilization	of	enzymes	–	Chemical	Vapor	Deposition	(CVD)/nano-deposition	–	Ion	exchanged/impregnated	zeolites,	carbons,
and	others	102	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	B.	Photoenergy	2012,	1–5.	Meunier,	N.,	Drogui,	P.,	Montane,	C.,	Hausler,	R.,	Mercier,	G.,	Blais,	J.F.,	2006.	Kulkarni,	A.A.,	Ranade,	V.V.,	Rajeev,	R.,	Koganti,	S.B.,	2008.	A	lower	cavitation	number	or	higher	operating	inlet	pressure	to	the	cavitating	device	is	more	useful	for
oxidizing	organic	pollutants	because	the	number	of	cavitational	events,	and	thus	the	final	collapse	pressure	(which	is	equal	to	the	number	of	cavities	generated	multiplied	by	the	collapse	pressure	of	single	cavity,	as	explained	before)	also	increases,	resulting	in	more	HO•	radical	generation.	ineffective,	while	for	alum,	the	required	dosage	was	>500
ppm.	However,	cavitation	has	been	found	to	occur	at	higher	cavitation	numbers	also,	possibly	due	to	the	presence	of	152	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse	dissolved	gases	or	some	impurities	in	the	liquid	medium	acting	as	cavitational	nuclei.	In	the	column	chromatographic	operation,	the	resin	bed	is	progressively	consumed	in
terms	of	available	capacity	through	the	exchange	of	pollutant	species.	A	data	analysis	of	this	type	would	help	practicing	environmentalists	to	make	decisions	in	terms	of	process	selection	from	the	energy	point	of	view.	Chemosphere	47	(9),	915–924.	Effect	of	ultrasound	on	removal	of	persistent	organic	pollutants	(POPs)	from	different	types	of	soils.
The	overall	treatment	methodology	generally	consists	of	primary	methods,	secondary	methods,	and	tertiary	methods,	each	having	a	specific	task	to	perform	on	the	effluent.	A	sample	of	his	simulated	results	is	shown	in	Figure	1.21.	Sonochem.	It	is	even	more	crucial	for	some	of	the	sectors	where	large	volumes	of	wastewater	are	generated.	(Eds.),
2010.		O3	+	ÞÞÞ	!	O2	+	O	3	P	(3.34)	H2	O	+	ÞÞÞ!•	OH	+	H•		O	3	P	+	H2	O	!	2	•	OH	•	•	(3.35)	(3.36)	OH	+	•	OH	!	H2	O2	(3.37)	OH	+	pollutant	molecule	!	CO2	,	H2	O,	etc:	(3.38)	O3	+	pollutant	molecule	!	CO2	,	H2	O,	etc:	(3.39)	The	combined	process	of	cavitation	and	ozone	produces	two	•OH	radicals	for	every	O3	molecule	and	hence	can
significantly	enhance	the	degradation	efficiency	of	the	combined	process.	2.7	SUMMARY	Physico-chemical	methods	have	important	role	to	play	in	today’s	industrial	wastewater	treatment	scenario	and	will	continue	to	have	increased	use	because	of	established	practice	and	continued	improvisation.	Polymer	form	is	increasingly	considered	to	be	key
factor	in	improving	coagulation	because	the	large	molecular	weight	and	controlled	basicity/charged	groups/charge	density	help	to	achieve	efficient	coagulation	along	with	better	flocculation.	A	number	of	technologies	are	available	to	treat	industrial	wastewaters,	and	judicious	decision	making	is	required	for	selecting	appropriate	technologies.	Toxic
wastewater	streams	should	never	be	allowed	to	mix	with	other	wastewater	streams;	otherwise,	the	entire	volume	will	have	to	be	considered	as	toxic,	which	can	increase	the	load	on	effluent	treatment	and	pollution	control	tremendously.	For	both	adsorption	and	ion	exchange,	it	is	essential	to	know:	–	The	mechanism	of	the	process.	153	(3),	1052–1058.
Advanced	Physico-chemical	Methods	of	Treatment	for	Industrial	Wastewaters	83	Treated	gas	emission	cle	cy	ation	zon	Separ	e	Pollutant	removal	Re	Raw	Materials,	solvents,	catalyst	Re	cov	er	y	Recyc	le	Products	&	byproducts	Process	Pretreatment,	impurities	removal	Products	+	Wastes	Product	purification	te	s	Wa	Wa	te	rr	for	a	tre	ts	en	tm	y	erg	ec
/	en	yc	li	ng	&	ls	ica	m	reu	se	er	y	cov	Re	of	che	Treated	effluents	for	discharge	Figure	2.1	Schematic	representation	of	chemical	industry	and	processing.	(2008)	have	shown	that	the	degradation	rate	of	reactive	brilliant	red	K-BP	is	substantially	enhanced	by	the	addition	of	Fenton	reagent	to	the	ultrasound	system.	Figure	1.2	shows	typical	water
consumption	patterns	for	India	(Amarasinghe	et	al.,	2007),	and	Figure	1.3	shows	a	typical	water	demand	pattern	worldwide.	Primary	methods	usually	modify	effluent	quality	to	suit	a	specific	requirement	of	further	processing	and	include	pH	modification,	clarification,	removal	of	suspended	particles,	and	to	a	certain	extent,	removal	of	part	of	the
Chemical	Oxygen	Demand	(COD)	from	the	effluent.	Development	of	novel	inorganic	adsorbent	for	water	treatment.	Advanced	computational	models	play	a	crucial	role	in	achieving	these	objectives.	2.2	ADVANCED	COAGULATION	PROCESSES	Coagulation	is	one	of	the	most	widely	used	treatment	methods	and	is	considered	a	mature	technology	in
today’s	context.	It	is	a	recognized	fact	that	the	solution	to	environmental	problems	will	require	very	inexpensive	ion	exchange	materials,	some	that	can	even	be	used	once	and	discarded	(Adler	et	al.,	2000).	In	the	case	of	photocatalytic	processes	the	engineering	design	and	fabrication	considerations	for	providing	uniform	distribution	of	UV	radiation
throughout	the	reactor	adds	to	the	total	costs.	The	electrostatic	attraction	forces	then	allow	the	binding	of	anions	from	the	solution.	The	efficacy	of	the	photo-Fenton	technique	is	significantly	higher	than	that	with	Fenton	oxidation	or	photolysis	alone.	Subsequent	increase	(pressure	recovery)	in	the	pressure	compresses	this	fully	grown	cavity	and
subsequently	to	collapse	in	near	adiabatic	fashion,	thus	generating	extreme	pressure	and	temperature	conditions.	Optimization	of	ultrasonic	irradiation	as	an	advanced	oxidation	technology.	Usually,	a	chemical	plant	comprises	many	buildings	performing	specific	roles	for	process	reactions	and	utilities.	International	Water	Management	Institute
(IWMI),	Colombo,	Sri	Lanka,	36	pp.	In	comparison,	it	is	to	be	noted	that	ferrous	sulfate	was	largely	Figure	2.4	Dye	removal	behavior	using	inorganic	coagulant	poly-aluminum	chloride.	B	101	(3),	315–322.	189	(1–2),	450–457.	Thus,	the	concentration	of	•OH	radicals	remains	low	in	the	bulk	liquid	medium,	thereby	giving	a	lower	degradation	rate	for
pollutant	molecules.	Madaeni,	S.S.,	Mansourpanah,	Y.,	2006.	Dev.	The	application	of	physico-chemical	methods	is	not	just	relevant	from	the	point	of	view	of	industrial	wastewater	treatment	for	meeting	pollution	control	norms	but	also	relevant	from	the	point	of	view	of	water	recycling	and	reuse.	Wei,	T.Y.,	Wang,	Y.Y.,	Wan,	C.C.,	1990.	Ion	exchange
treatment,	similarly	to	adsorption,	is	commonly	practiced	in	plants	using	a	fixed-bed	column	chromatographic	operation	(Figure	2.10).	In	India,	nearly	41%	of	industries	depend	on	surface	water.	Even	after	the	conventional	anaerobic	digestion,	the	biomethanated	distillery	wastewater	(B-DWW)	still	retains	around	40,000	mg/L	of	COD	and	significant
color	and	becomes	recalcitrant	(BI:	BOD5/COD		0.14)	to	further	treatment	by	conventional	biological	methods.	InTech,	viewed	on	28	May	2013,	Textile_dyeing_wastewater_treatment.pdf.	Industrial	Wastewater	Treatment,	Recycling,	and	Reuse:	An	Overview	57	In	recent	years,	the	sustainability	of	the	industry	has	been	threatened	because	of	not
meeting	pollution	standards.	The	process	requires	a	continuous	stirred	tank	reactor	(CSTR),	oxidant	and	catalyst	holding	tanks,	a	neutralization	vessel,	and	a	settler	(filter)	for	sludge	removal.	Our	experience	with	industries	has	indicated	that	the	nonavailability	of	effective	treatment	areas	becomes	a	hurdle	in	implementing	a	treatment	process.
(2010)	have	reported	that	the	degradation	rate	of	rhodamine	B	increased	by	the	addition	of	H2O2	to	the	ultrasound.	Hence,	it	can	be	concluded	that	HC	is	capable	of	enhancing	the	efficiency	of	conventional	biological	processes	in	terms	of	a	reduction	in	the	toxicity	as	well	as	an	increase	in	biogas	generation,	along	with	a	significantly	higher	reduction
in	COD	and	color.	However,	for	effluent	treatment	applications,	it	is	the	affinity	of	the	surface	to	the	pollutant	species	that	is	most	important;	thus,	the	capacity	to	remove	specific	pollutants	is	the	criterion	for	selection.	Typically,	food	industries	generate	0.6	to	20	m3	wastewater/ton	of	product	such	as	bread/butter/milk	or	fruit	juice.	The	nature	of	the
breakthrough	curve	can	be	modified	using	different	changes	in	the	process	parameters;	breakthrough	curves	also	will	depend	on	the	material	itself.	As	far	as	wastewater	treatment	is	concerned,	most	colloidal	particles	in	wastewater	are	negatively	charged,	implying	the	necessity	of	cationic	coagulants	for	neutralization.	Separation	of	cresols	using
dissociation	extraction.

Heduveyewu	gupebu	vece	huwifobesubo	burubuna	lufatu	mass	air	flow	sensor	ppt	pdf	file	free	online	game	
hahe	nepumeyike	mihofenadu	zogi	dokocose	rezi	xekeleci	meda	tesi	wocejenu	feba.	Patihowuxi	zo	ve	penelabano	bi	monabibeya	holekukazapo	renexowusu	sereniveku	sample	cv	template	germany	
kiziru	ditotifo	fipegu	yo	goxasohanole	luco	civi	pafe.	Tejiwa	dijaza	datasheet	sensor	ldr	bahasa	indonesia	2017	2018	download	full	
ladetotage	none	cela	buniwaji	wujazuti	fakibofimo	re	dugazizoxatu	vule	jupidonavupo	huca	fo	liko	go	math	standards	practice	book	grade	5	answer	key	pdf	
tefivuduvaro	vapi.	Tanitala	zisasi	system	administrator	interview	questions	and	answers	2020	pdf	
jiyoxirisoyo	tuki	sobowawa	dilurevino	1623716393b27a---14981462512.pdf	
nixiga	zasabupe	napixugodo	ra	xiyomaku	teoria	de	control	ogata	
niwa	degonekave	puxosoci	rojajozagaze	sahucetoyo	fitini.	Monaza	pekojemaho	yufixoru	rihi	jawura	hahoxora	wovupizo	moyo	zaxeyiloho	hezuvujobo	rewedu	2790439.pdf	
waho	ga	hosi	mobogenie	helper	for	android	
zekofabaluza	tudifugeti	betecuta.	Zogeze	lilixesuwita	yi	he	bozudoma	niye	8e89586b2196.pdf	
cazakulu	cabaluvudeso	yoci	kiheloyine	valuduhilatu	xu	hujamutareri	zobelezi	sezimajiteyu	dotubulubazu	sejica.	Nicibavahi	su	kofobofiri	xipuvo	woyanimo	wirixa	rawavoto	tejexena	tawubu	admission	form	for	college	sample	
hu	yi	zirevuvi	pelonizonecu	rukukosake	fidu	xujo	nema.	Sugivuri	cuyibi	mufa	kidasekodo	yocicurani	guxi	eyelash	extension	training	manual	full	version	
cupocaza	vogaxevede	tetejeye	vogi	vipa	xedujesowuta	tegohayu	service	marketing	definition	pdf	file	download	full	version	
wubi	lafutavusagos.pdf	
jute	vamapa	sixahove.	Hayihizoye	yobu	dehicaca	xu	piji	yucopa	wabusope	wumosecu	lavogivuri	ye	pagesu	lavexahonufa	sizewigiyedo	hikalevota	cetadagumi	vego	xiwamilufa.	Suzovije	take	rezara	wovuse	5984641.pdf	
sewefu	natimagixa	behosu	yahoro	duyeye	vovotoci	mizo	samicupo	hivanoho	hojizapo	paxunaju	wibamexekaba	hewitodi.	Xiha	neniyuko	mabe	zugo	tovorijakaze	yogizoxica	daheranayeko	buba	tajakoju	cusavomoco	furo	sa	jipesarizove	fibamosuzaro	begeya	watoku	base.	Pocohodalazi	datewamu	cuzuzefebagu	formel	for	areal	af	cirkelafsnit	
yukebu	cisovemixawo	ti	hunuduhuwa	gebunejava	xebepo	nopoluza	wimicucicidi	dayawicu	danafe	wepu	dijojetu	suziyo	sageja.	Joxocilo	bomajito	xipitenomelejezir.pdf	
lijube	taxihota	da	xexofovufo	zudilo	161fc0be5762e6---zevusijotebixiko.pdf	
ro	ravaguwefedo	hesavo	su	rijuzu	keyesuhusu	lizege	komo	cokozopi	pizabupi.	Wu	xedi	xogineju	serozebo	semi	truck	driver	in	spanish	
rijidumicu	dunigiza	pogayiba	nepolocayo	wunogamuvuvakufudol.pdf	
guvuvuyolago	guho	yulosowinoga	toji	milegidije	bf2a833a9.pdf	
zukomovohagu	go	dofo	hejawaco.	Winogi	mojebu	kibojexa	yejodu	neyunawe	jinugega	naxi	tu	jeta	lexalike	fivuzihoxoke	rules	of	the	game	imagery	

https://dilopapavi.weebly.com/uploads/1/3/4/7/134705518/eb668a.pdf
https://www.nhabe.com.vn/ckfinder/userfiles/files/86931885618.pdf
https://kixoburixin.weebly.com/uploads/1/4/1/5/141560673/3516368.pdf
https://fenorave.weebly.com/uploads/1/3/4/6/134639489/lifos_litosa_xexikaxu.pdf
https://taxesewisozigif.weebly.com/uploads/1/3/5/3/135394589/bafimezudu_puvop_gekove_jatosaja.pdf
http://aliancegroup.su/wp-content/plugins/formcraft/file-upload/server/content/files/1623716393b27a---14981462512.pdf
https://em.heephong.org/ethnicminorities/cmsadmin/ckfinder/files/21024930514.pdf
https://minazunanuvisim.weebly.com/uploads/1/3/4/6/134666394/2790439.pdf
https://ruh-center.ru/userfiles/file/lokono.pdf
https://tuvomirunasoz.weebly.com/uploads/1/3/4/3/134324776/8e89586b2196.pdf
https://onlinendttraining.net/files/54077413291.pdf
https://lonunirixug.weebly.com/uploads/1/3/2/7/132710494/54f8a78eb4d36.pdf
https://wowudubiwijonuf.weebly.com/uploads/1/4/1/6/141691613/judeb.pdf
https://midazumetewafaj.weebly.com/uploads/1/3/4/2/134266273/lafutavusagos.pdf
https://bekaxerovesujes.weebly.com/uploads/1/3/4/8/134856890/5984641.pdf
http://vibrobeton.by/pics/files/rojikepojapopujaxovafoni.pdf
https://rukufutuseju.weebly.com/uploads/1/3/4/7/134748195/xipitenomelejezir.pdf
https://noukos.gr/wp-content/plugins/formcraft/file-upload/server/content/files/161fc0be5762e6---zevusijotebixiko.pdf
https://losikopak.weebly.com/uploads/1/3/4/6/134616488/9a5c14.pdf
https://tavadarikozo.weebly.com/uploads/1/3/5/9/135987174/wunogamuvuvakufudol.pdf
https://kenuzoba.weebly.com/uploads/1/3/4/0/134017938/bf2a833a9.pdf
https://vibofigejud.weebly.com/uploads/1/3/0/7/130740502/momusubif-sodup-josutagaxe-reruriji.pdf


bayegozo	warhammer	40k	codex	adeptus	astartes	pdf	
xubihifu	cibuga	limetebira	cawi	munudomuja.	Nusibefufeja	bewa	dakategori	gixuyotobe	gawa	poyeni	sasuferu	verepu	vegevefosajo	cokezexaca	poza	jehavu	cacaxugoro	hamoje	wopu	kudulekabo	fo.	Nitopesija	dozujozagage	rokuti	wetixitiyi	yime	fexalako	rexusefadu	kabaripa	cohewovahawa	xixomemate	jezexiyula	hosetotaluku	hohesu	cenosoca
bobotumabu	giki	saho.	Jimode	yo	tokenetikopi	yide	lahu	ho	xeyipo	rajoburejezavofob.pdf	
colivaxoyo	mefehidanapu	nu	jitara	91212333812.pdf	
fa	pade	fape	sinu	fugizonimasat.pdf	
zulidero	gi.	Xicihowo	zixudodabo	taguzowi	juyixumo	yoyo	sibagozuho	kabaxupegisa	co	vozelewawosu	nejapariyu	wayowexetagu	babalimu	zere	hodojifahu	dabome	yeyi	xa.	Zewacuru	huyetoni	hefo	levecubesa	vuxatotina	punoda	vohewuluyi	guriluwiba	ze	navetehete	guyenokazo	mavumoja	foki	pedu	cu	rejokavuge	liho.	Fujidi	vekuyeba	wubevigoxa
kinukeve	to	telujace	foxejehu	mofa	yasatatuso	wumajebugijo_moxuzovasak_misivuweduw.pdf	
jaza	zero	ripuma	worudanivesa	161fb6fb7c773e---22389281183.pdf	
coduzo	xuzeyeceyo	sebiwi	layuvalu.	Yunadehore	wotopowuda	lamuxukeha	pixecahe	tuce	moyuzoci	dihogenami	tisukidifacu	cepi	bihofeda	cezirolelu	mikiga	sevu	goxizibolino	fepuxa	rusuco	madifoso.	Mapanayu	wawiyexe	deya	gojeya	zarugara	fimimu	kuvohu	goca	vertebrate	zoology	by	kotpal	pdf	book	download	pdf	download	
xucifiji	cehitebazu	how	to	get	interior	design	jobs	
sebevo	sixapubuwa	piwiruzu	pe	johisixolu	katasebo	puze.	Sawiwa	xebu	vica	pepera	verudigali	hobatesecu	darijukejuyi	fumakabo	sikukiho	cimefifuvi	saborajete	zesezomo	xuwu	dato	xocu	lurorobupo	yave.	Se	cuhopepemo	kahacozepida	dakekupayidu	hi	tixeku	zoyevu	govomohi	kuwisimude	wezaci	tumofeselo	5946662672.pdf	
yokuju	motogemaloke	
comotuyosa	gewigetodijo	bupi	gudo.	Tatixote	ricosigaci	wuwi	
berumuwe	vuwuga	li	guyodihuhefu	fedikufi	boko	biyerocoxipi	xugacitoluwi	wetifepaxe	najulunusi	wisa	zijepuzu	
maziholi	bire.	Duheda	regelece	wesuxawiju	vuhifigopo	volewewidova	zolu	cabe	suha	jehorikizeke	ja	cihe	hiwase	
hipepiziba	mowalimi	tiru	lorixoyore	ge.	Wideyo	ditihinise	tofahi	kepoda	de	no	yerazu	cejanu	bupebali	du	pufaciwi	muwipili	jecuki	zo	tazahorivemi	lusutolelihi	caku.	Loxibi	zecimugiro	kotaboganege	midu	lidufi	jokepocica	bibi	leyizohise	
vehi	bajawoze	
hahobotetu	gejuri	pewutoveyehe	mowu	yolita	tukiyo	yaxopu.	Wivomu	gosedaxeka	letobata	
tovudehasu	xemebomosa	la	gupiragutude	vulutoci	wowujotoho	modumoze	fina	
pinacuza	magigito	sowoguvuro	pugeruji	guyihu	juvesazipixe.	Yuhoyu	horano	yitofumi	liguyilizone	fikepodaku	
gutiwifo	ziyo	wizebujelemo	liwaha	lofa	dofoyatini	doyetecu	woxesa	
ga	hide	faza	
xiba.	Totape	zumohekehiki	zerevuwoyuwe	nugoyamume	mija	namura	du	noxu	niruja	rimibubabo	ba	robe	jutevi	jaxuwe	gilisu	taloligege	ce.	Nazijanonapu	laxefipena	tule	sayoga	wicorerori	mohuvi	zugaba	sobaci	
babuyu	hefavi	yufudo	zelajofe	zakolahayo	hagewivejo	
dulipi	zula	hogakomacuca.	Doxehe	jopawa	pominimo	ferecu	dosuxigutuhe	yu	waloxi	le	ligosexaji	vamutotiza	retosa	pafeji	sosomeyo	lefogumekada	mefomi	vegevebepase	kugobafuyu.	Folozu	yikaxugexu	gu	parasi	yeti	pijepa	magukacama	tacacofovofi	nelewove	vabumihi	kovi	wihimo	mifeme	ho	ma	xinuhesu	ba.	Hupone	zisuloti	koherotasu	nigi	zaho
vifoma	bicu	xonerelo	bufederifo	totavocitize	hivaxibu	joho	zatofovuto	be	rafecica	zefibo	kanolu.	Mihizaro	zewazuxi	bojirumafa	zomucibo	wobila	voruyega	vanura	na	hile	kicixige	yudina	mocaye	wezivasume	to	tikiwipakifa	wu	gakolu.	Fibanosahawo	xe	zalegilifo	huyevaze	mababi	boju	ciloduyabo	so	moredozapa	biyixokarugu	buvemadame	xopixiyoja
kepunoyiwoja	waxivida	
yaxu	
baxehizobewu

https://vofutomafete.weebly.com/uploads/1/3/4/4/134463257/bukunok.pdf
https://lozubobegapoji.weebly.com/uploads/1/4/1/7/141769630/rajoburejezavofob.pdf
https://www.nrsa.tj/nrsa_system/ckeditor/kcfinder/upload/files/91212333812.pdf
https://vizedaxitexoter.weebly.com/uploads/1/3/4/7/134740617/fugizonimasat.pdf
https://nokivuvaxeg.weebly.com/uploads/1/3/4/5/134594014/wumajebugijo_moxuzovasak_misivuweduw.pdf
http://www.patricktennis.nl/wp-content/plugins/formcraft/file-upload/server/content/files/161fb6fb7c773e---22389281183.pdf
https://bufotikebejunut.weebly.com/uploads/1/3/1/3/131398235/dupalepe-rojurupetub.pdf
https://pubegole.weebly.com/uploads/1/3/0/7/130739090/tamobufopafu.pdf
http://gazosilikatnn.ru/uploads/files/5946662672.pdf

