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Abstract - Among the different kinds of thermochemical water-splitting cycles, the 
iodine - sulfur (IS) cycle has attracted more and more interest because it is one of 
the promising candidates for economical and massive hydrogen production. 
However, there still exist some science and technical problems to be solved before 
industrialization of the IS process. One such problem is the catalytic decomposition 
of hydrogen iodide. Although the active carbon supported platinum has been 
verified to present the excellent performance for HI decomposition, it is very 
expensive and easy to agglomerate under the harsh conditio. In order to decrease 
the cost and increase the stability of the catalysts for HI decomposition, a series of 
bimetallic catalysts were prepared and studied at INET. This paper summarized our 
present research advances on the bimetallic catalysts (Pt-Pd, Pd-Ir and Pt-Ir) for HI 
decomposition. In the course of the study, the physical properties, structure, and 
morphology of the catalysts were characterized by specific surface area, X-ray 
diffractometer, and transmission electron microscopy, respectively. The catalytic 
activity for HI decomposition was investigated in a fixed bed reactor under 
atmospheric pressure. The results show that due to the higher activity and better 
stability, the active carbon supported bimetallic catalyst is more potential candidate 
than monometallic Pt catalyst for HI decomposition in the IS thermochemical cycle.
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I. INTRODUCTION

Thermochemical hydrogen production processes 
are the promising candidates for low-cost, high- 
efficient and large-scale hydrogen production using 
the nuclear thermal energy from a high temperature 
gas-cooled reactor (HTGR) as the heat source. Up to 
know, hundreds of thermochemical processes have 
been proposed. Among these processes, the leading 
thermochemical cycles include the iodine-sulfur (IS) 
cycle, Westinghouse (hybrid sulfur) cycle, and 
copper-chloride cycle. Research and development on 
the above three cycles have been extensively 
conducted by researchers from USA, Japan, German, 
France, Canada, Italia, Korea, China and etc.[1-4].

Compared with other cycles, the IS cycle 
presents some advantages, such as high efficiency, 
small number of reactions and elements involved, all 
liquid/gas phase operation, suitable maximum 
temperature, and abundant data and know-how from 
a long time and comprehensive research [5]. Since 
General Atomics (GA) firstly proposed the IS cycle 
in mid 1970s, researchers from GA had done 
extensive studies and provided many useful results 
on the theory, experiment and process engineering
[3]. Unfortunately, they stopped the study on the IS 
cycle about five years ago. Following GA, the Japan 
Atomic Energy Agency (JAEA) has also made great 
contributions to the R & D of this cycle since the end 
of 1980s. Recently, the JAEA has been carrying out 
an integrity test using a IS process components made
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of industrial materials [6]. Besides GA and JAEA, 
much more institutes from many countries involved 
in the studies about the IS process. The INET 
(Institute of Nuclear and New Energy Technology, 
Tsinghua University, China) started research and 
development on the IS process in 2005. Since then, 
the nuclear hydrogen project with five steps has been 
made by INET. Building the demonstration 
apparatus of the total process and coupling it with 
the HTGR-10 (high temperature gas-cooled reactor 
with thermal power 10 MW at INET) was the final 
objective. In 2009, the INET carried out a 10 NL/h 
hydrogen production experiment using the principle 
verified apparatus IS-10 [7]. In 2010-2014, the 
bench scale facility IS-100 with the H2 production 
rate of 100 L/h was built by INET and the 
demonstration of continuous H2 production of 60 
NL/h was realized.

Among the three reactions (Bunsen reaction, 
H2SO4 decomposition and HI decomposition) of IS 
process, the HI decomposition has the slowest 
reaction rate and the lowest thermodynamic 
equilibrium conversion (about 23% at 773 K). In 
order to obtain the workable reaction rate, catalysts 
must be used for HI decomposition. Active carbon, 
supported Ni and supported platinum group metals 
have been found to be active in catalyzing HI 
decomposition [8]. Among the various catalysts for 
HI decomposition, the combination of Pt with active 
carbon (Pt/C) is commonly used to catalyze the HI 
decomposition, because the metal of Pt shows most 
actively in various transition metals and the active 
carbon is excellent support with high surface area, 
good activity and stability. However, the active 
carbon supported monometallic Pt it is very 
expensive and easy to agglomerate under the harsh 
condition [9]. In order to decrease the cost and 
increase the stability of the catalysts for HI 
decomposition, a series of bimetallic catalysts were 
prepared and studied at INET. This paper 
summarized our present research advances on the 
bimetallic catalysts (Pt-Pd, Pd-Ir and Pt-Ir) for HI 
decomposition [10-17].

II. EXPERIMENTAL 
II.A. Catalyst Preparation

Monometallic and bimetallic catalysts supported 
on a commercial active carbon (40- 60 mesh, Xilong 
Chemical Company) were prepared by the incipient 
wetness impregnation (monometallic catalysts) and 
co-impregnation (bimetallic catalysts), from aqueous 
solutions of the corresponding metal salts 
(H2IrCl6«6H2O PdCl2, H2IrC16«6H2O, Analytical 
reagent, Beijing General Research Institute of 
nonferrous metals) in order to obtain the desired 
metal loading of 5.0 wt.%. After impregnation, the

samples were oven dried at 120 °C for 4 h, and 
reduced by KBH4 aqueous solution.

II.B. Catalyst characterization

XRD spectra of the catalysts were recorded in the 
range 2theta = 10-90o on a D/MAX-2500 X-ray
diffractometer (Cu-Ka radiation, Z = 1.5418 A). The 
BET surface area and porosity were detected by N2 
adsorption at 77K on a Quanta Nova3200e apparatus 
and the samples were degassed at 300 oC for 3 h 
before N2 adsorption. TEM measurements were 
performed on a Hitachi H-7650 transmission 
electron microscope. Average particle sizes were 
determined by measuring at least 100 particles for 
each sample analyzed.

II.C. Activity test

The HI decomposition was performed in a quartz 
tubular reactor (outer diameter 14 mm, inner 
diameter 12 mm) under the following conditions: 
catalyst mass 100 mg, temperature 400 and 500°C, 
atmospheric pressure, hydriodic acid flow rate 1.0 
mL/min. The detailed activity evaluations of the 
catalysts were reported in the previous publication 
[10-16]. After the reaction, the catalyst was cooled to 
room temperature. XRD and TEM were used to 
characterize the structure and morphology of the 
used catalysts.

III RESULTS AND DISCUSSION
III.A. Screening of active metal components for

the bimetallic catalyst [16]

Proceedings of the HTR 2014
Weihai, China, October 27-31, 2014

Paper HTR2014-21295

Fig. 1 HI conversion over different catalysts 
with reaction time at (a) 400 oC and (b) 500 oC



Eight kinds of monometallic catalysts (Pt, Pd, Ni, 
Rh, Ir, Co, Ru and Ag) supported on AC were 
prepared by the impregnation and reduction method. 
Their catalytic activities for HI decomposition were 
evaluated at 400 and 500 °C. Fig. 1 reports the HI 
conversions after 60 min from the start, when the 
stable catalytic activity could be reached. At 400 ° 
C, the catalytic activities decrease in order of Pt/C > 
Pd/C Rh/C > Ir/C > Ru/C > Ni/C > Ag/C Co/C. 
However, at high temperature of 500 oC, the 
activities of different catalysts follow the order of 
Pd/C > Pt/C > Ir/C > Rh/C > Ru/C > Ni/C > Co/C 
Ag/C. The above results are in good agreements with 
the results obtained by researchers from USA and 
Japan [8]. Because the Pt, Pd and Ir showed good 
activity at both 400 and 500 °C, the three 
components were used to prepare the bimetallic 
catalysts (including Pt-Pd, Pd-Ir and Pt-Ir) for HI 
decomposition.

III.B. Effects of the composition on the activity of 
the bimetallic catalysts

Fig. 2 Effects of the composition on the activity of 
the bimetallic (a) Pt-Pd/C and (b) Pd-Ir/C

A series of bimetallic catalysts (including Pt-Pd,
Pd-Ir and Pt-Ir) with different compositions were
prepared. The catalytic performances of the Pt-Pd 
and Pd-Ir catalysts with different compositions are 
illustrated in figure 2a and figure 2b, respectively. 
The HI conversion over all the bimetallic catalysts 
increases when the temperature increases from 
400 °C to 500°C, which is because the HI 
decomposition is an endothermic reaction. As for the

Pt-Pd, Pd-Ir and Pt-Ir bimetallic catalysts, the 
optimal compositions are 2.5%Pt-2.5%Pd/C, 4%Pd- 
1%Ir/C and 2.5%Pt-2.5%Ir/C, respectively. The
above results indicate that the composition of the
bimetallic catalysts plays the key role in dictating the 
catalyst activity.
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III.C. The function of Ir in the Ir-based
bimetallic catalysts

Particle diameter (inn)

Fig. 3 Particle size distributions of (a) 5%Pd/C, 
(b) 4%Pd-1%Ir/C, (c) 3%Pd-2%Ir/C, 

and (d) 1%Pd- 4%Ir/C
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Fig. 3 demonstrates the distribution of the metal 
particle size for the monometallic Pd and bimetallic 
Pd-Ir catalysts from their TEM images. With the 
increase of the Ir content, the bimetallic 
nanoparticles decrease. The mean particle sizes for 
5%Pd/C, 4%Pd-1%Ir/C, 3%Pd-2%Ir/C and 1%Pd- 
4%Ir/C are 6.0, 5.5, 4.5 and 2.5 nm, respectively. 
The TEM images and the histograms of the particle 
size distributions show that introducing Ir into the 
supported Pd and Pt catalyst could promote the 
uniform dispersion of the active metal components.

III.D.Stability of the bimetallic catlysts

Fig.4 XRD results of the fresh catalysts

Fig.5 XRD results of the used catalysts

The powder X-ray diffraction patterns of Pd, Ir and 
bimetallic Pd-Ir catalysts are shown in figure 4. The 
XRD results show that all the fresh catalysts 
(including the monometallic Pd, Ir, Pt catalysts and 
bimetallic Pd-Ir, Pt-Pd and Pt-Ir) have the face- 
centered cubic crystal structure. Fig.5 illustrates the 
XRD patterns of the used Pd and Pd-Ir catalyst. The 
peak at around 20=40° splits into about three peaks 
after HI decomposition, which shows that the 
stability of the bimetallic Pd-Ir catalysts are 
unsatisfied. The same results were obtained for the 
used Pt-Pd bimetallic catalysts. Fortunately, the 
bimetallic Pt-Ir catalysts kept the face-centered cubic 
crystal structure after HI decomposition. The above

results show that among the bimetallic Pt-Pd, Pd-Ir 
and Pt-Ir catalysts, the Pt-Ir catalysts have the 
highest stability during HI decomposition [16-17].

III.E. HI decomposition in IS-10 and IS-100

Due to the high activity and excellent stability, 
the active carbon supported bimetallic Pt-Ir catalysts 
were successfully used to catalyze the HI 
decomposition in IS-10 and IS-100. The continuous 
H2 production of 10 NL/h and 60 NL/h was realized 
in IS-10 and IS-100, respectively. In addition, the 
conversion of HI was above 20%. Both the activity 
and the H2 production rate reached the designed 
values.
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