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	  THE	  METHANATION	  REACTOR	  	  

The	  Paul	  Saba.er	  reac.on:	  

CO2	  +	  4H2	  →	  CH4	  +	  2H2O	  
high	  temperature:	  200-‐300°C	  	  
high	  pressure:	  2-‐3	  atm	  
	  
Using	  a	  solid	  phase	  catalyst:	  
Nickel,	  ruthenium,	  or	  alumina	  

Nobel	  Price	  
Chemistry	  1912	  

P.	  Saba?er	  (1854-‐1941)	  

May	  we	  avoid	  the	  use	  of	  the	  solid	  phase	  catalyst,	  trying	  
to	  perform	  the	  reac.on	  in	  the	  homogeneous	  gas	  phase?	  



	  genera?on	  of	  a	  controlled	  plasma	  through	  electrical	  
discharges	  or	  UV	  photons	  on	  a	  CO2	  +	  H2	  gas	  mixture	  

Microwave	  discharge	  plasma	  source	  
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	  by	  using	  tunable	  electron	  or	  photon	  	  energy	  	  
(by	  self	  made	  electrical	  microwave	  or	  RF	  
discharges	  or	  by	  synchrotron	  radia.on),	  	  

and	  studying	  the	  elementary	  chemical	  reac.ons	  
in	  a	  single	  collision	  condi.on	  	  

(by	  crossed	  molecular	  beams	  technique)	  



The controlled plasma can be generated by using a microwave 
discharge beam source on a H2-CO2 gas mixture 

The Penning ionization 
crossed molecular beams 
apparatus operating in 
our unipg lab 



If	  the	  used	  energy	  in	  a	  CO2+H2	  plasma	  is	  higher	  than	  
38	  eV,	  it	  is	  possible	  to	  have	  double	  ioniza?on	  with	  

produc?on	  of	  CO2
2+	  dica?on:	  

	  it	  is	  a	  very	  common	  
phenomenon	  in	  nature	  

CO2	  !	  CO2
2+	  +	  2e-‐	  

	  e-‐	  

	  hν	  

The	  PLASMA	  is	  an	  ionized	  gas	  consis?ng	  of	  electrons	  and	  
ions;	  It	  is	  the	  fourth	  state	  of	  ma\er	  and	  cons?tutes	  over	  99%	  

of	  the	  known	  ma\er	  of	  the	  Universe	  



Repulsion	  and	  	  Coulomb	  
explosion:	  
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CO2
2+	   is	   a	   metastable	   species:	   it	   dissociates	   in	   two	  

ionic	  fragments	  having	  high	  kine.c	  energy	  content:	  



Interatomic	  distance	  
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CO+	  +	  O+	  
high	  kine.c	  energy	  
released	  of	  about	  6	  eV	  

The	  chemical	  reac.vity	  can	  be	  increased	  because…	  



1 – the removed electron may change 
sensibly the electronic configuration of 
the neutral species  modifying its 
chemical reactivity; 
 
2 – the ion-molecule interaction is 
much more intense than the neutral-
neutral one, making more probable the 
collision; 
 
3 – the double ionization producing a 
molecular dication can induce 
Coulombic explosion and fragment 
ions formation with high kinetic energy 
content. 

In general, when a molecule is ionized, can change 
deeply its chemical behavior because: 



This process, widely studied by our research group, 
can explain the lack in the O+ expected concentration 
of the Mars Atmosphere, as measured by MARINER 6 
spacecraft and VIKING 1 lander 
 CO2 is involved in several atmospheric 

phenomena of the Earth and of other planets like 
                       Mars and Venus  
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The production of CO2
2+ dications by double 

photoionization of CO2 has been studied in 
the 34-50 eV photon energy range, by the use 
of synchrotron radiation… 

and detecting electron-ion and electron-ion-ion 
coincidences 



Atmospheric escape of O+ by dissociative double 
photoionization of CO2 molecules 

This	   energy	   is	   large	   enough	   in	   the	   case	   of	   Mars	   and	  
Titan	   to	   allow	   these	   fragments	   to	   reach	   sufficient	  
velocity	  to	  escape	  into	  space.	  Therefore	  this	  process	  can	  
in	   principle	   contribute	   to	   the	   con.nuous	   erosion	   of	  
these	  atmospheres.	  

One	   consequence	   of	   the	   exo.c	   behavior	   of	   doubly	  
charged	  molecular	   ions	   in	   planetary	   atmospheres	   is	   the	  
possibility	   of	   crea.on	   of	   dissocia.ve	   products	   with	   a	  
kine.c	  energy	  of	  several	  eV.	  

In	   the	   case	   of	   CO2,	   the	   produc?on	   of	   CO+	   and	   O+	  
fragments	  with	  a	  high	  kine?c	  energy	  content	  (2.0	  and	  3.8	  
eV	  respec?vely)	  could	  explain	  the	  lack	  in	  the	  O+	  expected	  
concentra?on	  of	  the	  Mars	  Atmosphere.	  



Atmospheric escape of O+ by dissociative double 
photoionization of CO2 molecules 

Where the O+ concentration 
become lower, the concentration 
of CO2

2+ increases. 
 
This could be explained by the 
CO2

2+ fragmentation towards the 
CO+ and O+ ions production with a 
high kinetic energy content 
(3.5-3.8 eV for O+ ions). 
 
This energy is large enough to 
allow the O+ escape from the Mars 
atmosphere. 

Witasse,	  O.;	  Dutuit,	  O.;	  Lilensten,	  J.;	  et	  al.	  	  
Geophys.	  Res.	  LeA.	  2002,	  29,	  1263.	  

CO2
2+ 

O+ 

Falcinelli,	  S.;	  Pirani,	  F.;	  Alagia,	  M.;	  Schio,	  L.;	  Richter,	  R.;	  Stranges,	  S.;	  Vecchiocacvi,	  F.	  
Chem.	  Phys.	  LeA.	  2016,	  in	  press.	  DOI:	  10.1016/j.cple\.2016.09.003	  



POSSIBILI	  COLLABORAZIONI	  

Senigallia (AN) – Italy 

Sviluppo	  ELETTRONICA	  DI	  CONTROLLO	  TEMPORIZZATA	  PER	  
SCARICHE	  ELETTRICHE	  A	  MICROONDE	  E	  RF	  e	  ges?one	  segnali	  



Acknowledgements	  

Emanuele Topini 
Department of Civil and Environmental 
Engineering 
University of Perugia - Italy  

Andrea Nicoziani 
Department of Chemistry, Biology and 
Biotechnologies 
University of Perugia - Italy  

Fernando Pirani 
Department of Chemistry, Biology and 
Biotechnologies 
University of Perugia - Italy  

Franco Vecchiocattivi, Pietro Candori, Marzio Rosi 
Department of Civil and Environmental Engineering 
University of Perugia - Italy  


