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Antecedentes

® Emisiones de NOx

(especialmente en motores diesel, en
presencia de O,)




¢ Por qué los NOx son malos?

Parte importante de los contaminantes
del aire

Lluvia acida
Calentamiento global del planeta

Deterioran la calidad del agua




¢.Como lo vamos a solucionar?

Reduciendolos a gases menos nocivos
(6xidos de carbono)

DESCOMPONIENDOLOS:
2NO > N, + O,

Rol de la transferencia de oxigeno (oxygen
spillover)




Vy dV de las soluciones actuales

Reduccion catalitica de
NO con CO sobre TWC

SCR con NHj

SCR con HC

Descomposicion directa
(perovskitas, Cu-ZSM-5,
Pt/Al,O,)

Inefectiva en condiciones
oxidantes /
envenenamiento por
azufre

Manejo y
almacenamiento NH; /
sistemas especiales
para evitar ‘ammonia
slip’

Se necesita mejorar la
selectividad / ‘HC slip’

Baja actividad / SO, /
dificultad de desorber el
C)2

Remocion simultanea de
CO, NO e HC

Alta eficiencia en
remocion de NO en
presencia de O,

Potencial en remocion de
NO / eficiente en
presencia de O,

Inofensiva, forma N, y
O,/ no usa agentes
reductores
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Soportes para catalizadores

Zeolitas
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Estructura textural del carbono
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Ralative nraceiirns

basal carbon




Carbono como soporte

Resistente a medios acidos y basicos
Estable a altas T°

Estructura porosa modificable

Barato

C Carbon

Atomic Number: 6

Rodriguez-Reinoso, F. (1998). "The role of carbon Atomic Mass: 12.01
materials in heterogeneous catalysis." Carbon 36(3):
159-175.




Posibles funciones del carbono

Soporte estructural

Agente reductor
C.+2NO 2> N, + CO,
C.+ NO = (1/2)N, + CO

Catalizador!
2C.+ 2NO - N, + O,



Descomposicion de NO (1981)

TABLE 1.—CATALYTIC DECOMPOSITION OF NO OVER CuNaY-69 AT VARIOUS CONTACT TIMES®

contact
time® catalyst flow rate conversion (%)
/g (cat) s weight Jem? (s.t.p.)
cm™? (gas) /g min~! of NO to N,

CONCLUSIONS

Cu'! ion-exchanged Y-type zeolites exhibit high catalytic activities for the decom-
position of NO without deterioration. This indicates new horizons for the removal
of NO without using reducing agents.

lwamoto, M., S. Yokoo, K. Sakai y S. Kagawa (1981). "Catalytic decomposition of nitric
oxide over copper(ll)-exchanged, Y-type zeolites." J. Chem. Soc., Faraday Trans. 1(77):

1629 - 1638.




Descomposicion de NO (2000)

In situ infrared study of catalytic decomposition of NO on
carbon-supported Rh and Pd catalysts

K. Almusaiteer, R. Krishnamurthy, S.S.C. Chuang *

Deparmment of Chemical Engineering, The University of

He (20 cmi*/min) 1% NOM%aAr (20 em’fmin)

MS Intensity (a.u.)

Almusaiteer, K., R. Krishnamurthyy S. S. C. C
catalytic decomposition of NO on carbon-supp
Today 55(3): 291-299.

orption.

Akron, Akron, OH 44325=3906, L'SA

decomposition have revealed that the low activity of
the catalysts 1s due to their inability to desorb oxy-
gen produced from NO dissociation [8,10]. Oxygen

ferred from Table 2 that the carbon-supported cat-
alysts have the ability to uptake more oxygen than
alumina-supported catalysts. Comparison of the

or Pd) remains on the surface [10,23,24] Unless the
catalyst has the ability to desorb n, S=0 from
reaction (1) will accumulate on the surface and blocks
the sites for NO dissociation resulting in the increase
in the surface coverage of the [R-observable species
{active and spectator adsorbate).

bine for desorption as molecular oxygen. The differ-
ence in Pd/C and Pd/Al; 05 in oxygen desorption could
be due to dispersion of metal particles (Table 2) or
metal-support interaction. Lack of detailed structural
surface information does not allow elucidation of the
role of metal-support interaction in the oxygen des-
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Abstract

Relatively inexpensive heterogeneous catalysts for two reactions of great importance in air pollution control, NO reduction and VOC
combustion, were prepared and characterized. Apart from their common practical goal and the frequent need for simultaneous removal of air
pollutants, these reactions share a similar redox mechanism., in which the formulation of more effective catalysts requires an enhancement of
oxygen transfer.

For NO reduction, supported catalysts were prepared by adding a metal (Cu, Co, K) using ion exchange (IE) and incipient wetness impregnation
(IWT) to chars obtained from pyrolysis of a subbituminous coal. The effects of pyrolysis temperature, between 550 and 1000 °C, on selected
catalyst characteristics (e.g.. BET surface area, XRD spectrum, support reactivity in Os) are reported. For IE catalysts, the surface area increased in




Resultados

Table 4
Summary of properties of carbon-supported cobalt catalysts prepared at 550-1000 °C

Co-C-1E-5350 Co-C-IE-T00 Co-C-1E-830 Co-C-1E-1000 Co-C-TWI-350 Co-C-IWI-700 Co-C-IWI-830 Co-C-I'WI-1000

6.71 28 3 1.71 1.83 16 1.77
) 16

[ 268 3 210 48
Ignition temp e (°Cy 323 300 34! 44 446 : 495

NO reactivity® (°C) 482 466 610 599 564 O 624

* Temperature at 105 NO gonversion, determined in a 12-mm reactor.

Temperatura de ignicion:

IE: T,y & BET S.A.

IWI: Tig, o0 HTT



Resultados

Comparacion Co-C-IWI-*** Comparacion ***-C-850
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Conclusiones (20006)

Todavia no se logro alta actividad de los
catalizadores

Direccion de posteriores mejoras:
Diferencias IE vs. IWI
Efecto de HTT
Importancia de redox (transferencia de O)

Estudiar la adicion de una etapa
intermedia de activacion (mejorar
contacto catalizador/soporte (reductor)

Utsumi, S., Vallejos-Burgos, F., Garcia, X. A., Gordon, A. L. y Radovic, L. R. (2006). “Preparacion y
caracterizacion de catalizadores de bajo costo para la reduccion de NO.” Presentado en IV Jornadas Chilenas de
Catalisis y Adsorcion, Santiago, Chile.
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Hipotesis de trabajo (practica)

Materias primas baratas y abundantes,
como carbones minerales de bajo
rango, se pueden convertir en
materiales carbonosos de alto valor
agregado si se seleccionan
cuidadosamente las condiciones para
Su proceso de carbonizacion,
activacion e impregnacion.



Hipotesis de trabajo (fundamental)

La eficiencia del catalizador en la
reduccion/descomposicion de NO se puede
aumentar al optimizar la transferencia de oxigeno
desde el reactivo en la fase gaseosa (NO), a
través de la superficie (C—O0), hacia el producto,
(CO, u 0O,):

Mientras mas facil sea esta transferencia, menor
sera la temperatura de reaccion y mas probable
sera que la recombinacion superficial de oxigeno

(2C—O - productos) resulte en 2C+0, que en
C+CO.,.



Summary of current understanding of main features of carbon surface chemistry:

Version 3.1

Radovic, L. R. y B. Bockrath (2005). "On the Chemical Nature of Graphene Edges: Origin of Stability and
Potential for Magnetism in Carbon Materials." J. Am. Chem. Soc. 127(16): 5917-5927.




“Conventional” amphoteric solids

RO" + H* + H,0 = ROH,* + OH"

Dissociated acidic functional groups

Some functional groups (e.g., pyrones)
Delocalized n electrons (graphene layer)
Carbene sites at graphene edges

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA



Oxygen Transfer Mechanism
of Carbon Reactions

(1)

(i) Dissociation of O, (or CO, or NO or H,O) on carbon “reactive sites”

Reactive sites : ‘unsaturated’ carbon atoms, typically
located at the edges of crystallites...

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA



Oxygen Transfer Mechanism
of Carbon Reactions

(2)

(1) Surface migration of oxygen

AN

Surface

Surface
Intermediates

'spectators’
(complexes)

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA



A key paper for understanding structure/reactivity issues
(not recognized enough)

Taylor and Walker, 15" Carbon Conf. (1981)

TABLE 1
SURFACE AREAS AND OXYGEN CONTENTS OF CHARS GASIFIED TO
VARIOUS BURN-QFFS
CO/CO2 of Oxvgen

2
desorption on char Area Occupied by Oxygen Complex, m“/g
products wt % Initial Desorption Second Desorption

Surface Area

Sample S
Bura-off X  N,, m*/g C0,, m%/g

-

16.5 1,366 8.7 8.4 262 48.0
7vZ 16. 43..
5.6 18.7 £3.7

9

1
07 2;- Ll

246 : .7 21. 39.

(1) Important to distinguish between spectators (stable complexes) and reaction
intermediates on the carbon surface.

(2) During reaction, have more surface oxygen than can account for by decorating
all the graphene edges... So, what is the role of the basal plane?

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA




Oxygen Transfer Mechanism
of Carbon Reactions

©)
(i) Desorption of CO and/or CO,

2C(0) — 2CO (+mCy)

2C(0) — CO, (+nC;)
m=2 (1?) n=1(?)

Note: CO/CO, = {(T, [C(O)], [C-Q], carbon structure)

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA



Removal of NO,:
(oxygen transfer mechanism)

2C.+ O, — 2C(O)
2C: + NO — C(N) + C(O)
2C(N) — N, + 2C;

C(O) — C-O <——Keystep!
2C(0) — CO, + C/*
C(O) - CO (+ CyY)

Key hypothesis
As oxygen surface coverage increases, CO - CO, (= 0,?!)

(And as catalyst dispersion and catalyst/carbon contact improve, oxygen can
accumulate on the carbon surface... This will be pursued and tested using TPD!)



Oxygen transfer mechanism is also dominant in gasification reactions!

2C;+ O, 2 2C(0)
2C: + NO —> C(N) + C(O)
2C(N) —> N, + 2C;
2Cat + O, = 2Cat(O)
2Cat + 2NO -2 2Cat(O) + N,
Cat(0) > C(O)
C(0) > C-O-
C-O - C(O)
C(O) = CO (+ Cy)
2C(0) =2 CO, + C;




The basal plane is assumed to be involved in CO, (and O,?) formation...
But how (exactly)?

“off-plane oxygen” “epoxy oxygen”

Figure 4

Schematic representation of a portion of a graphene layer
illustrating the presence of dissociated (and desorbable)
carbon-oxygen complexes at graphene edges as well as the
presence of mobile (but undesorbable) surface oxygen
within the layer.

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA




Confirmation of “induced heterogeneity”

120

*The stability of the [

C—C bond decreasesjEMl !
(and thus the il 41-9kcano1 q

reactivity increases) I
as the quantity of 14 16 18 2 22 24 26 28
edge C—O increases r (C1-C2), A

E, kc

*The stability of the 50
C—C bond decreases g=wml
(and thus the

CEWIIVAREGEERES)
as the quantity of N T
basal-lane C-0O 14 16 18 2 22 24 26 28
increases r (C1-C2), A

5.5 kcal/mol




Hypothetical route to CO, formation
(with participation of basal-plane, epoxy-type oxygen)

O O
. .
AH= +3.9 kcal/mol AH= -48 kcal/mol

AH 0 kcal/mol

- CO,
4—
Analogous to benzene
AH=-19 kcal/mol oxide
to oxepin reaction!

Radovic, L. R. (2007). "Physical Chemistry (or Chemical Physics!?) of Carbon Surfaces: Applications and
Fundamentals." The SGL Carbon Award Lecture, Carbon 2007 Seattle, WA, USA




No “unzipping” when epoxy oxygen is within the basal plane!?



“Unzipping” occurs when epoxy oxygen reaches the edge!?




Hypothetical route to O, formation
(with participation of basal-plane, epoxy-type oxygen)

2C +2NO = 0, + N, +2C
2H,0, (ac)—=**= 50, (g)+2H,0(1)







Objetivos: General

Obtener catalizadores baratos,
eficientes y de facil preparacion para
descomponer el NO generado en
reacciones de combustion.



Objetivos: Especificos (1)

Preparar materiales carbonosos con y sin
aditivos metalicos mediante pirdlisis y/o
activacion de carbdn mineral de bajo rango

Investigar los efectos de las condiciones de
preparacion de catalizadores metalicos
soportados en materiales carbonosos sobre
la actividad catalitica en reacciones de
transferencia de oxigeno: gasificacion en
NO y descomposicion de H,O,



Objetivos: Especificos (y 2)

Disenar el método de preparacion que de
origen a un catalizador carbonoso de actividad
comparable a un catalizador tradicionalmente
usado.

Comparar los efectos cataliticos de aditivos
representativos con las impurezas inorganicas
presentes en el carbon mineral y con la
actividad del carbon desmineralizado.

Estudiar la posibilidad de realizar transferencia
de oxigeno interparticulas mediante la mezcla
mecanica de los catalizadores actuales con
catalizadores comerciales.



rizacion y actividad catalitica




Catalizadores metalicos

Co: Representante de metales de
transicion

Cu: Excelente catalizador para
reacciones de transferencia de O

K: Representante de alcalis

CO Cobalt

Atomic Number:=27
Atomic Mass: 58.93

Ct‘Copper

Atomic Number: 29
Atomic Mass: 63.55

l < Potassium

Atomic Number: 19
Atomic Mass: 39.10



Esquema de muestras (IWl)
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Descomposicion del nitrato en N, a diferentes temperaturas

Impregnacion a humedad incipiente (IWI)



Esquema de muestras (IE)

I nte: 5,.__:!.;::5:( @ /r) { ;)
Co-Dem-IE K-Dem-IE
I“ AT __J [ ol OIS |

Activacion Fisica Activacion Fisica Activacion Fisica

O
?
b
%
m
o
o
o

000L-31-0¥-0D

2
3>
Q
m
\J
o
o

0
Q

P
2
A
-~J
=)
o

Intercambio ionico (IE)



Caracterizacion: principal

TPD: "prueba de blancura” (para la
eficiencia de transferencia de oxigeno)

Laboratorio de Carbonos, UdeC

urrent *10-9 /A
4.00
3.50
3.00
2361 %
amu 18 (H20) S 2:50

2.00
amu 64 (S02)

800 1000 1200 1400
Temperature /°C




Caracterizacion: principal

TGA+MS / TGA+FTIR: analisis de productos
Laboratorio de Carbonos, UdeC

urrent *10-9 /A
4.00
3.50
3.00
-23.61%
amu 18 (H20) Sl 2.50

2.00
amu 64 (S02)

800 1000 1200 1400
Temperature /°C




Caracterizacion: principal

Punto de carga cero (PZC):
Laboratorio de Carbonos, UdeC

Isoelectric point
or
zero point of charge

Basic pH

Richards, R. (ed.) (2006). “Surface and Nanomolecular
Catalysis.” Taylor and Francis



Caracterizacion: complementaria

@ Analisis iInmediato y elemental:
Laboratorio de Analisis Quimico, UdeC

Humedad

Materia Volatil

Carbono Fijo

Cenizas




Caracterizacion: complementaria

@ Area superficial (BET y DR):
Laboratorio de Carbonos, UdeC




Caracterizacion: complementaria

Difraccion de rayos X (XRD) y
espectroscopia Raman

GEA, UdeC; Lovaina, Bélgica y Kaneko
Labs, Japon

XRD Desmineralizacion

—— AR-C-850
— H-C-850




Caracterizacion: complementaria

Absorcion atdmica (AAS):
GEA, UdeC

Espectrometria fotoelectronica de rayos-
X (XPS):

Laboratorio de superficies, UdeC y
Kaneko Labs, Japon



Caracterizacion: complementaria

@ Microscopia electronica (SEM y TEM):
Direccion de investigacion, UdeC y
Kaneko Labs, Japon:




Actividad catalitica (reacciones)

@ Descomposicion de peroxido de
hidrogeno (H,0,)

2H,0, (ac)—**== 50, (g)+2H,0(1)

® Reduccion (y descomposicion?) de
oxido nitrico (NO)



Actividad catalitica (equipamiento)

QMS 403 C

£00
|TETEEY




Planificacion: Carta Gantt

Carta Gantt - Aho por Mes

wi mm

| e——




FIN

Comentarios/preguntas/sugerencias?
(mas que bienvenidas...)

Vallejos-Burgos, 2007



