
 
 

A plasma-assisted catalytic ionization method for 
the production of positive and negative hydrogen ions 
using catalyst has been proposed for generating a hydrogen 
pair-ion plasma and developing a highly efficient hydrogen 
negative-ion source without a Cs admixture.1) The 
production mechanism of negative ions is discussed 
referring to the results of ion extraction property and ion 
energy analysis at the catalyst surface.2) 

A hydrogen plasma is generated by a dc arc 
discharge between filament cathodes and a wall anode in a 
cuboidal chamber with a cross section of 25 cm×25 cm, i.e., 
a bucket plasma source.� Positive ions in the plasma are 
irradiated onto a porous plate or a grid made of nickel as 
catalyst under controlled irradiation current density and 
energy. The porous plate is a commercially available with a 
pore size of 0.45 mm, a thickness of 1.4 mm, a specific 
surface area of 5800 m2/m3, and a porosity of 96.6%. The 
grid has 100 meshes, a wire diameter of 0.1 mm, and an 
aperture ratio of 36.8%. The catalyst is negatively biased at 
a dc voltage of Vpc and the irradiation energy is controlled 
by Vpc and the plasma potential��s. The irradiation current 
density Jir is controlled by the discharge power. Figure 1 
shows a schematic view of the experimental setup.  

Typical extraction current density (Jex)�voltage 
(Vex) characteristics in the cases of using the porous plate 
and the grid are measured at Vpc = �400 V and Jir = 10 
mA/cm2, respectively. The Jex�Vex characteristics are 
focused around �70 V < Vex < +20 V. The differentiated 
profiles calculated from the Jex�Vex characteristics 
correspond to the kinetic-energy distributions of ions at the 
catalyst surface, as shown in Fig. 2(a). Jex exponentially 
decreases when �15 V < Vex < +2 V in the case of the 
porous plate. The peak component near Vex = 0 V in the 
differentiated profile is the primary component of passing 
positive ions. The broad component within �15 V < Vex < 0 
V is an energy-scattered component corresponding to 
passing positive ions reacting with the catalyst surface, 
because the energy is slightly lower than the irradiation 
energy. Two obvious peak components at Vex ~ �20 V and 
0 V and a broad component, on the other hand, exist within 
the differentiated profile in the case of the grid. The peak 
component at Vex ~ �20 V is unobservable in the case of 
the porous plate. 

The dependence of the energy distribution on Jir is 
shown in Fig. 2(b), where the catalyst potential is constant 
at Vpc = �400 V. The two peak components at Vex ~ �20 V 
and 0 V that exist in the energy distributions of Fig. 2(a) 

are comparable to those at e(Vex � Vpc) ~ 380 eV and 400 
eV and Jir = 10 mA/cm2 in Fig. 2(b). The energy of the 
latter component is nearly equal to the irradiation energy 
e(�s � Vpc) and is almost constant and independent of Jir. 
Therefore, the latter component is the primary component 
of passing positive ions. On the other hand, the energy of 
the former component, indicated by arrows, increases with 
decreasing Jir and becomes equal to the energy of the 
primary component at Jir = 4�5 mA/cm2. The former 
component corresponds to not positive ions but negative 
ions, because it is unlikely that the irradiated positive ions 
have two different energies. When passing positive ions are 
decelerated in the applied electric field and slowed to about 
20 eV at Jir = 10 mA/cm2, a passing positive ion will 
receive two electrons from the catalyst metal by a resonant 
electron transition and be negatively ionized.  
 

 
 
Fig. 1. Experimental setup. Positive and negative ions are 

produced by plasma-assisted catalytic ionization. 
 
 

 
Fig. 2. (a) Extraction current density Jex ��voltage Vex 

characteristics and ion energy distributions 
calculated from the characteristics, (b) Dependence 
the energy distributions on irradiation current 
density of positive ions. 
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