
Research lines:

1. Catalytic synthesis of graphene

2. Synthesis and catalytic applications of biomorphic carbon

3. Catalytic decomposition of light HC and biogas: H2 Production

4. Catalytic reduction of nitrates

http://www.unizar.es/creg/

Dra. Nieves Latorre Sierra
nlatorre@unizar.es



1. Catalytic synthesis of graphene



Impregnation with catalyst 
precursor: e.g. Pd(NO3)2

Drying at 80 ºC for 12 h;  
2 ºC/min

Formatting

Thermal treatment: Carbonization 
at HT (>600 ºC) during 30 min;

HR (≈50 ºC/min). 
600 mL/min (5% H2, 95% N2)

Filter paper 
previously dried

Milling and sizing 

2. Synthesis and catalytic applications of biomorphic carbons

Catalyst:
Me/BC

Vine shoots



Calcined at 800 oC
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3. Catalytic decomposition of light HC and biogas: H2 Production



Catalytic Decomposition of Methane

)g()s()g( HCCH 24 2+⇔

Production

Carbon nanotubes, Graphite, Graphene, etc.

Moderate reaction temperatures.
 Hydrogen production free of CO.
 Production of nanocarbonaceous materials.

 Advantages:

3. Catalytic decomposition of light HC and biogas: H2 Production



Experimental: Thermobalance



Influence of the Partial Pressure of CH4
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4. Catalytic reduction of nitrates

H2

N2

CO2

AGITACIÓN

SALIDA A CAMPANA EXTRACTORA 
DE GASES

MEDIDA EN CONTINUO: 
NITRATOS, NITRITOS, AMONIO: 

ELECTRODOS SELECTIVOS;

pH y TEMPERATURA: pH METRO

MEDIDA EN DISCONTINUO:
ESPECTROFOTÓMETRO VIS
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Pt-Cu Al2O3 Pt-Cu CNF´s Pd-Cu Al2O3 Pd-Cu CNF´s Catalyst Pt-Cu/CNF´s: high activity but
high selectivity to amonium.
Catalyst Pd-Cu/Al2O3: high activity and high
selectivity to nitrogen.

4. Catalytic reduction of nitrates
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RESUMEN EXPERIMENTOS

		EXP.		CATALIZADOR		COMPOSICIÓN		gramos		CAUDAL H2		CAUDAL CO2		H2/CO2		pH		NOTAS

		1		11M4		Pt-Cu Alumina DONOSTI		1		750		0				5.5

		2		11M5		Pd-Cu Alumina DONOSTI		0.625		750		0				5.5

		3		13D1		Pt-Cu CNF´S CARBOQUÍMICA		1		750		0				5.5

		4		13D2		Pd-Cu CNF´S CARBOQUÍMICA		1.2		750		0				5.5

		5		11M6		Pt Alumina DONOSTI		1		750		0				5.5

		6		11M7		PD Alumina DONOSTI		1		750		0				5.5





Pt-Cu_Al2O3

		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción= 300 ºC

		NH4+		18				I:4,92-F:5,45				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		12		77.5		2.62		1.68		0.15		0.17		0.49		4.81

		2		20		74.3		3.46		1.62		0.19		0.18		0.56		5.13

		3		40		65.4		4.35		1.42		0.24		0.26		0.75		7.15

		4		80		48.9		5.14		1.06		0.29		0.41		1.11		11.55

		5		120		36.8		5.65		0.80		0.31		0.53		1.37		14.84

		6		180		21		5.48		0.46		0.30		0.71		1.72		19.78

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		12		22.50%		29.76%		70.24%

		2		20		25.70%		34.41%		65.59%

		3		40		34.60%		32.13%		67.87%

		4		80		51.10%		25.71%		74.29%

		5		120		63.20%		22.85%		77.15%

		6		180		79.00%		17.73%		82.27%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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Pt_Al2O3

		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción= 250 ºC

		NH4+		18				I:5,06-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		62		0.915		1.35		0.05		0.39		0.83		10.85

		2		13		1.528		3.41		0.03		0.19		0.98		2.14		27.32

		3		20		0.056		3.6		0.00		0.20		0.99		2.17		27.62

		4		35		0		3.88		0.00		0.22		0.98		2.17		27.42

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		5		38.00%		6.15%		93.85%

		2		13		98.47%		8.85%		91.15%

		3		20		99.94%		9.21%		90.79%

		4		35		100.00%		9.92%		90.08%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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TABLA RESUMEN

		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 300 ºC

		NH4+		18				I:5-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		6		71.6		7.22		1.56		0.40		0.11		0.62		3.03

		2		21		24		20.2		0.52		1.12		0.26		1.65		7.42

		3		35		0.094		31.85		0.00		1.77		0.20		2.17		5.63

		4		60		0.015		33.2		0.00		1.84		0.16		2.17		4.61

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		6		28.40%		64.97%		35.03%

		2		21		76.00%		67.92%		32.08%

		3		35		99.91%		81.47%		18.53%

		4		60		99.99%		84.86%		15.14%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		6		92.1		0.336		2.00		0.02		0.08		0.17		2.14

		2		14		87.5		0.335		1.90		0.02		0.13		0.27		3.54

		3		60		56.1		0.535		1.22		0.03		0.46		0.95		12.94

		4		90		38.9		0.735		0.85		0.04		0.64		1.33		18.02

		5		120		8.45		0.969		0.18		0.05		0.97		1.99		27.11

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		6		7.90%		10.87%		89.13%

		2		14		12.50%		6.85%		93.15%

		3		60		43.90%		3.11%		96.89%

		4		90		61.10%		3.07%		96.93%

		5		120		91.55%		2.70%		97.30%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pt/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 300 ºC

		NH4+		18				I:5,17-F:5,70				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		3		72.8		5.08		1.58		0.28		0.15		0.59		4.33

		2		14		26.7		14.1		0.58		0.78		0.41		1.59		11.34

		3		20		11.08		18.6		0.24		1.03		0.45		1.93		12.60

		4		36		2		23.7		0.04		1.32		0.41		2.13		11.39

		5		60		1.16		25.4		0.03		1.41		0.37		2.15		10.33

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		3		27.20%		47.73%		52.27%

		2		14		73.30%		49.16%		50.84%

		3		20		88.92%		53.46%		46.54%

		4		36		98.00%		61.80%		38.20%

		5		60		98.84%		65.67%		34.33%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435





		



NO2-

NH4+

N2

t (min)

Ci [mmol/L]



		



S amonio

S nitrógeno

tiempo (min)

Selectividad



		



XNO2-

SNH4+

SN2

t (min)

%



		



SNH4+

SN2

X nitrito

Selectividades



		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pd/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,05-F:5,63				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		9.08		0.63		0.20		0.04		0.97		1.98		27.18

		2		10		0.094		1.01		0.00		0.06		1.06		2.17		29.62

		3		35		0.025		1.5		0.00		0.08		1.05		2.17		29.26

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		5		90.92%		1.77%		98.23%

		2		10		99.91%		2.58%		97.42%

		3		35		99.98%		3.83%		96.17%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pd/CNF´s

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mmol/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		3.66		3.54		0.08		0.20		0.95		2.09		26.57

		2		10		0.003		4.37		0.00		0.24		0.97		2.17		27.03

		3		20		0		4.89		0.00		0.27		0.95		2.17		26.63

		4		45		0		4.02		0.00		0.22		0.98		2.17		27.31

		MUESTRA		t (min)		XNO2-		SNH4+		SN2		RTO AMONIO		RTO. NITRÓGENO

		0		0		0.00%						0.00%		0.00%

		1		5		96.34%		9.39%		90.61%		9.05%		87.29%

		2		10		100.00%		11.17%		88.83%		11.17%		88.83%

		3		20		100.00%		12.50%		87.50%		12.50%		87.50%

		4		45		100.00%		10.27%		89.73%		10.27%		89.73%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt/ CNF´s

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mmol/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		49.2		13.2		1.07		0.73		0.19		1.10		5.19

		2		13		14.3		25.5		0.31		1.42		0.22		1.86		6.25

		3		17		1.08		30.7		0.02		1.71		0.22		2.15		6.23

		4		25		0.09		30.4		0.00		1.69		0.24		2.17		6.76

		5		37		0.006		31.9		0.00		1.77		0.20		2.17		5.62

		6		70		0		33		0		1.83		0.17		2.17		4.77

		MUESTRA		t (min)		XNO2-		SNH4+		SN2		RTO AMONIO		RTO. NITRÓGENO

		0		0		0.00%						0.00%		0.00%

		1		5		50.80%		66.40%		33.60%		33.73%		17.07%

		2		13		85.70%		76.04%		23.96%		65.17%		20.53%

		3		17		98.92%		79.31%		20.69%		78.46%		20.46%

		4		25		99.91%		77.76%		22.24%		77.69%		22.22%

		5		37		99.99%		81.53%		18.47%		81.52%		18.47%

		6		70		100.00%		84.33%		15.67%		84.33%		15.67%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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																																				1 % Pt-0,4 % Cu/Al2O3

						1% Pt-0,4% Cu/ Al2O3								1,2 gramos								1 % Pd-0,4 % Cu/Al2O3								1,2 gramos						t (min)		XNO2-		SNH4+		SN2				Pt-Cu Al2O3		Pt-Cu CNF´s		Pd-Cu Al2O3		Pd-Cu CNF´s

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5						180		79.00%		17.73%		82.27%		s amonio		17.73%		84.86%		9.92%		2.70%

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2														s nitrogeno		82.27%		15.14%		90.08%		97.30%

						0		0		0.00%												0		0		0.00%										1 % Pt-0,4 % Cu/CNF´s								X nitrito		79.00%		99.99%		100.00%		91.55%

						1		12		22.50%		29.76%		70.24%								1		5		38.00%		6.15%		93.85%						60		99.99%		84.86%		15.14%		X nitrito		79.00%		99.99%		100.00%		91.55%

						2		20		25.70%		34.41%		65.59%								2		13		98.47%		8.85%		91.15%

						3		40		34.60%		32.13%		67.87%								3		20		99.94%		9.21%		90.79%						1 % Pt/Al2O3

						4		80		51.10%		25.71%		74.29%								4		35		100.00%		9.92%		90.08%						60		98.84%		65.67%		34.33%

						5		120		63.20%		22.85%		77.15%

						6		180		79.00%		17.73%		82.27%																						1 % Pd-0,4 % Cu/Al2O3

																																				35		100.00%		9.92%		90.08%

																																				1 % Pd-0,4 % Cu/CNF´s

						1 % Pt-0,4 % Cu/ CNF´s								1,2 gramos								1 % Pd-0,4 % Cu/CNF´s								1,2 gramos						120		91.55%		2.70%		97.30%

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2						1 % Pd/Al2O3

						0		0		0.00%												0		0		0.00%										35		99.98%		3.83%		96.17%

						1		6		28.40%		64.97%		35.03%								1		6		7.90%		10.87%		89.13%

						2		21		76.00%		67.92%		32.08%								2		14		12.50%		6.85%		93.15%

						3		35		99.91%		81.47%		18.53%								3		60		43.90%		3.11%		96.89%

						4		60		99.99%		84.86%		15.14%								4		90		61.10%		3.07%		96.93%

																						5		120		91.55%		2.70%		97.30%

						1 % Pt/ Al2O3								1,2 gramos								1 % Pd/Al2O3								1,2 gramos

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2

						0		0		0.00%												0		0		0.00%

						1		3		27.20%		47.73%		52.27%								1		5		90.92%		1.77%		98.23%

						2		14		73.30%		49.16%		50.84%								2		10		99.91%		2.58%		97.42%

						3		20		88.92%		53.46%		46.54%								3		35		99.98%		3.83%		96.17%

						4		36		98.00%		61.80%		38.20%

						5		60		98.84%		65.67%		34.33%

						1%Pt_CNF´s								1,2 gramos								1 % Pd/CNF´S								1,2 gramos

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2

						0		0		0.00%												0		0		0.00%

						1		5		50.80%		66.40%		33.60%								1		5		96.34%		9.39%		90.61%

						2		13		85.70%		76.04%		23.96%								2		10		100.00%		11.17%		88.83%

						3		17		98.92%		79.31%		20.69%								3		20		100.00%		12.50%		87.50%

						4		25		99.91%		77.76%		22.24%								4		45		100.00%		10.27%		89.73%

						5		37		99.99%		81.53%		18.47%

						6		70		100.00%		84.33%		15.67%
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RESUMEN EXPERIMENTOS

		EXP.		CATALIZADOR		COMPOSICIÓN		gramos		CAUDAL H2		CAUDAL CO2		H2/CO2		pH		NOTAS

		1		11M4		Pt-Cu Alumina DONOSTI		1		750		0				5.5

		2		11M5		Pd-Cu Alumina DONOSTI		0.625		750		0				5.5

		3		13D1		Pt-Cu CNF´S CARBOQUÍMICA		1		750		0				5.5

		4		13D2		Pd-Cu CNF´S CARBOQUÍMICA		1.2		750		0				5.5

		5		11M6		Pt Alumina DONOSTI		1		750		0				5.5

		6		11M7		PD Alumina DONOSTI		1		750		0				5.5





Pt-Cu_Al2O3

		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción= 300 ºC

		NH4+		18				I:4,92-F:5,45				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		12		77.5		2.62		1.68		0.15		0.17		0.49		4.81

		2		20		74.3		3.46		1.62		0.19		0.18		0.56		5.13

		3		40		65.4		4.35		1.42		0.24		0.26		0.75		7.15

		4		80		48.9		5.14		1.06		0.29		0.41		1.11		11.55

		5		120		36.8		5.65		0.80		0.31		0.53		1.37		14.84

		6		180		21		5.48		0.46		0.30		0.71		1.72		19.78

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		12		22.50%		29.76%		70.24%

		2		20		25.70%		34.41%		65.59%

		3		40		34.60%		32.13%		67.87%

		4		80		51.10%		25.71%		74.29%

		5		120		63.20%		22.85%		77.15%

		6		180		79.00%		17.73%		82.27%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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Pt_Al2O3

		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción= 250 ºC

		NH4+		18				I:5,06-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		62		0.915		1.35		0.05		0.39		0.83		10.85

		2		13		1.528		3.41		0.03		0.19		0.98		2.14		27.32

		3		20		0.056		3.6		0.00		0.20		0.99		2.17		27.62

		4		35		0		3.88		0.00		0.22		0.98		2.17		27.42

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		5		38.00%		6.15%		93.85%

		2		13		98.47%		8.85%		91.15%

		3		20		99.94%		9.21%		90.79%

		4		35		100.00%		9.92%		90.08%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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TABLA RESUMEN

		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 300 ºC

		NH4+		18				I:5-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		6		71.6		7.22		1.56		0.40		0.11		0.62		3.03

		2		21		24		20.2		0.52		1.12		0.26		1.65		7.42

		3		35		0.094		31.85		0.00		1.77		0.20		2.17		5.63

		4		60		0.015		33.2		0.00		1.84		0.16		2.17		4.61

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		6		28.40%		64.97%		35.03%

		2		21		76.00%		67.92%		32.08%

		3		35		99.91%		81.47%		18.53%

		4		60		99.99%		84.86%		15.14%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt-0,4 % Cu/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mml/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		6		92.1		0.336		2.00		0.02		0.08		0.17		2.14

		2		14		87.5		0.335		1.90		0.02		0.13		0.27		3.54

		3		60		56.1		0.535		1.22		0.03		0.46		0.95		12.94

		4		90		38.9		0.735		0.85		0.04		0.64		1.33		18.02

		5		120		8.45		0.969		0.18		0.05		0.97		1.99		27.11

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		6		7.90%		10.87%		89.13%

		2		14		12.50%		6.85%		93.15%

		3		60		43.90%		3.11%		96.89%

		4		90		61.10%		3.07%		96.93%

		5		120		91.55%		2.70%		97.30%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pt/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 300 ºC

		NH4+		18				I:5,17-F:5,70				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		3		72.8		5.08		1.58		0.28		0.15		0.59		4.33

		2		14		26.7		14.1		0.58		0.78		0.41		1.59		11.34

		3		20		11.08		18.6		0.24		1.03		0.45		1.93		12.60

		4		36		2		23.7		0.04		1.32		0.41		2.13		11.39

		5		60		1.16		25.4		0.03		1.41		0.37		2.15		10.33

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		3		27.20%		47.73%		52.27%

		2		14		73.30%		49.16%		50.84%

		3		20		88.92%		53.46%		46.54%

		4		36		98.00%		61.80%		38.20%

		5		60		98.84%		65.67%		34.33%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		[NO2-]ini		100		ppm		2.17		mmol/l		Catalizador: 1 % Pd/Al2O3

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,05-F:5,63				1,2 g

		N2		28				REACCIONADO										FORMADO

								ppm				mmol/L						ppm

		MUESTRA		t (min)		[NO2-]		[NH4+]		NO2-		NH4+		N2		NO2- convertido		N2

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		9.08		0.63		0.20		0.04		0.97		1.98		27.18

		2		10		0.094		1.01		0.00		0.06		1.06		2.17		29.62

		3		35		0.025		1.5		0.00		0.08		1.05		2.17		29.26

		MUESTRA		t (min)		XNO2-		SNH4+		SN2

		0		0		0.00%		0.00%		0.00%

		1		5		90.92%		1.77%		98.23%

		2		10		99.91%		2.58%		97.42%

		3		35		99.98%		3.83%		96.17%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pd/CNF´s

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mmol/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		3.66		3.54		0.08		0.20		0.95		2.09		26.57

		2		10		0.003		4.37		0.00		0.24		0.97		2.17		27.03

		3		20		0		4.89		0.00		0.27		0.95		2.17		26.63

		4		45		0		4.02		0.00		0.22		0.98		2.17		27.31

		MUESTRA		t (min)		XNO2-		SNH4+		SN2		RTO AMONIO		RTO. NITRÓGENO

		0		0		0.00%						0.00%		0.00%

		1		5		96.34%		9.39%		90.61%		9.05%		87.29%

		2		10		100.00%		11.17%		88.83%		11.17%		88.83%

		3		20		100.00%		12.50%		87.50%		12.50%		87.50%

		4		45		100.00%		10.27%		89.73%		10.27%		89.73%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435





		



NO2-

NH4+

N2

t (min)

Ci [mmol/L]



		



S amonio

S nitrógeno

tiempo (min)

Selectividad



		



XNO2-

SNH4+

SN2

t (min)

X nitrito; Selectividad



		



SNH4+

SN2

X nitrito

Selectividad



		



Rto NH4+

Rto N2

X nitrito

Rendimiento



		NO2- inicial		100		ppm		2.1739130435		mmol/l		Catalizador: 1 % Pt/ CNF´s

				Pm		mg/mmol						QH2: 450 ml/min; QCO2=450 mL/min

		NO2-		46				pH				Treducción = 250 ºC

		NH4+		18				I:5,50-F:5,52				1,2 g

		N2		28

		MUESTRA		t (min)		NO2- [ppm]		NH4+ [ppm]		mmol/l NO2-		mmol/l NH4+		mmol/l N2		NO2- reaccionado		N2 [ppm]

		0		0		100		0		2.17		0.00		0.00		0.00		0.00

		1		5		49.2		13.2		1.07		0.73		0.19		1.10		5.19

		2		13		14.3		25.5		0.31		1.42		0.22		1.86		6.25

		3		17		1.08		30.7		0.02		1.71		0.22		2.15		6.23

		4		25		0.09		30.4		0.00		1.69		0.24		2.17		6.76

		5		37		0.006		31.9		0.00		1.77		0.20		2.17		5.62

		6		70		0		33		0		1.83		0.17		2.17		4.77

		MUESTRA		t (min)		XNO2-		SNH4+		SN2		RTO AMONIO		RTO. NITRÓGENO

		0		0		0.00%						0.00%		0.00%

		1		5		50.80%		66.40%		33.60%		33.73%		17.07%

		2		13		85.70%		76.04%		23.96%		65.17%		20.53%

		3		17		98.92%		79.31%		20.69%		78.46%		20.46%

		4		25		99.91%		77.76%		22.24%		77.69%		22.22%

		5		37		99.99%		81.53%		18.47%		81.52%		18.47%

		6		70		100.00%		84.33%		15.67%		84.33%		15.67%

		BALANCE FINAL

		átomos entran=		2.1739130435

		átomos salen=		2.1739130435
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																																				1 % Pt-0,4 % Cu/Al2O3

						1% Pt-0,4% Cu/ Al2O3								1,2 gramos								1 % Pd-0,4 % Cu/Al2O3								1,2 gramos						t (min)		XNO2-		SNH4+		SN2				Pt-Cu Al2O3		Pt-Cu CNF´s		Pd-Cu Al2O3		Pd-Cu CNF´s

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5						180		79.00%		17.73%		82.27%		s amonio		17.73%		84.86%		9.92%		2.70%

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2														s nitrogeno		82.27%		15.14%		90.08%		97.30%

						0		0		0.00%												0		0		0.00%										1 % Pt-0,4 % Cu/CNF´s								X nitrito		79.00%		99.99%		100.00%		91.55%

						1		12		22.50%		29.76%		70.24%								1		5		38.00%		6.15%		93.85%						60		99.99%		84.86%		15.14%		X nitrito		79.00%		99.99%		100.00%		91.55%

						2		20		25.70%		34.41%		65.59%								2		13		98.47%		8.85%		91.15%

						3		40		34.60%		32.13%		67.87%								3		20		99.94%		9.21%		90.79%						1 % Pt/Al2O3

						4		80		51.10%		25.71%		74.29%								4		35		100.00%		9.92%		90.08%						60		98.84%		65.67%		34.33%

						5		120		63.20%		22.85%		77.15%

						6		180		79.00%		17.73%		82.27%																						1 % Pd-0,4 % Cu/Al2O3

																																				35		100.00%		9.92%		90.08%

																																				1 % Pd-0,4 % Cu/CNF´s

						1 % Pt-0,4 % Cu/ CNF´s								1,2 gramos								1 % Pd-0,4 % Cu/CNF´s								1,2 gramos						120		91.55%		2.70%		97.30%

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2						1 % Pd/Al2O3

						0		0		0.00%												0		0		0.00%										35		99.98%		3.83%		96.17%

						1		6		28.40%		64.97%		35.03%								1		6		7.90%		10.87%		89.13%

						2		21		76.00%		67.92%		32.08%								2		14		12.50%		6.85%		93.15%

						3		35		99.91%		81.47%		18.53%								3		60		43.90%		3.11%		96.89%

						4		60		99.99%		84.86%		15.14%								4		90		61.10%		3.07%		96.93%

																						5		120		91.55%		2.70%		97.30%

						1 % Pt/ Al2O3								1,2 gramos								1 % Pd/Al2O3								1,2 gramos

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2

						0		0		0.00%												0		0		0.00%

						1		3		27.20%		47.73%		52.27%								1		5		90.92%		1.77%		98.23%

						2		14		73.30%		49.16%		50.84%								2		10		99.91%		2.58%		97.42%

						3		20		88.92%		53.46%		46.54%								3		35		99.98%		3.83%		96.17%

						4		36		98.00%		61.80%		38.20%

						5		60		98.84%		65.67%		34.33%

						1%Pt_CNF´s								1,2 gramos								1 % Pd/CNF´S								1,2 gramos

						QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5								QH2: 450 ml/min; QCO2=450 mL/min								ph=5,5

						MUESTRA		t (min)		XNO2-		SNH4+		SN2								MUESTRA		t (min)		XNO2-		SNH4+		SN2

						0		0		0.00%												0		0		0.00%

						1		5		50.80%		66.40%		33.60%								1		5		96.34%		9.39%		90.61%

						2		13		85.70%		76.04%		23.96%								2		10		100.00%		11.17%		88.83%

						3		17		98.92%		79.31%		20.69%								3		20		100.00%		12.50%		87.50%

						4		25		99.91%		77.76%		22.24%								4		45		100.00%		10.27%		89.73%

						5		37		99.99%		81.53%		18.47%

						6		70		100.00%		84.33%		15.67%
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