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Abstract:	Runoff	water	containing	phosphates	pollutes	large	water	bodies	such	as	lakes,	rivers,	and	oceans.	This	results	in	the	growth	of	algae,	which	consumes	oxygen	as	it	dies.	Hypoxic	condi@ons	then	lead	to	death	of	aqua@c	animals	and	disrup@on	of	the	natural	ecosystem	in	a	process	called	
eutrophica@on,	an	environmental	problem	almost	exclusively	induced	by	pollu@on	of	phosphorus.	Addi@onally,	phosphorus	is	a	non-renewable	resource	with	no	reasonable	method	known	for	commercial	produc@on.	Phosphorus	sources	from	the	earth’s	crust	are	es@mated	to	be	depleted	
within	50	to	100	years.	This	necessitates	a	method	for	removal	of	phosphorus	 from	runoff	water	 for	 the	purpose	of	decontamina@on	and	reuse	 in	 the	agricultural	 industry.	The	combina@on	of	Cerium	and	Aluminum	oxide	nanopar@cles	 in	wood	has	shown	to	be	excellent	 for	phosphate	
remedia@on.	The	results	are	beJer	than	using	single	metal	oxides	alone	in	the	nanocomposites.	There	are	no	harmful	chemicals	or	petroleum	reagents	used	during	the	synthesis	making	the	process	straighKorward,	economically	feasible,	and	environmentally	friendly.	The	results	of	this	study	
indicate	that	phosphorus	levels	in	contaminated	water	can	be	reduced	from	1000	parts	per	billion	to	10	parts	per	billion	or	less.	Addi@onally,	the	phosphorus	can	be	desorbed	and	the	media	can	be	regenerated	for	repeated	use	without	loss	of	efficiency.		

Synthesis	
A.	QuaternizaGon	reacGon	of	wood	under	basic	condiGons	

	

			

(CH3)3Cl-	

B.	ComplexaGon	of	QUAT	modified	wood	with	metal	ion	
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C.	Ferric	chloride	reacts	with	NH4OH	to	yield	Ferric	hydroxide	
	
D.	Ferric	hydroxide	is	reduced	in	oven	at	80˚C	for	6.5	hrs	
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Procedure	
KineGc	Studies	 KineGc	Studies	

Teabags	of	media	placed	in	P	stock	solu@on	of	known	
concentra@on.		
Aliquots	taken	at	05,	1,	2,	and	4	hours	

Sample	dilu@ons	treated	with	acid	reagent:		
50%	5M	Sulfuric	acid,	5%	Ammonium	tartrate	
15%	Ammonium	molybdate,	30%	Ascorbic	acid	

RegeneraGon	

1	M	NaOH		
1	hr	

HCl	pH	5		
1	hr	

Results	
KineGc	Studies	of	Iron	Oxide	Media	
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RegeneraGon	of	Iron	Oxide	Media	

Comparison	Studies	
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Cerium Chloride and Aluminum Chloride Media 

KineGc	Studies	of	Bimetallic	Oxide	Media	
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Removal of P from 100mL of 100mg/L Solution 
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CharacterizaGon		

Magnified	SEM	Image	of	Nanocomposites	on	Quat-
modified	Wood	with	Iron-oxides	FixaGon	

	

Magnified	SEM	image	of	NanocomposGes	on	
Bimetallic	media		

Conclusion	

Iron	oxide-containing	media	showed	that	100%	Phosphorus	removal	is	possible	with	300mg	
media	in	1	mg/L	P	solu@on.	SEM	imaging	showed	the	iron	oxide	nanopar@cles	in	the	media	
to	be	approximately	100nm	in	diameter.	Another	novel	media	with	a	3:1	ra@o	of	Cerium	and	
Aluminum	oxide	demonstrated	a	high	P	removal	capacity	of	18.22	mg	P/g	of	media.	Studies	
that	included	varia@on	of	P	concentra@on	and	mass	of	media	showed	that	capacity	is	
highest	when	the	concentra@on	of	P	is	high	or	the	mass	of	media	is	low.	Kine@c	studies	
confirmed	chemisorp@on,	monolayer	forma@on,	and	heterogeneous	adsorp@on	system.	
Regenera@on	studies	showed	that	the	media	can	be	regenerated	mul@ple	@mes	without	
significant	loss	of	capacity,	although	further	regenera@on	studies	of	the	bimetallic	media	
should	be	conducted.	This	media	can	take	P	concentra@on	from	1000	ppb	to	10	ppb	or	less	
in	accordance	with	EPA	guidelines.		
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