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Abstract – Iodine-Sulfur thermochemical cycle (IS-cycle) is one of the most 
promising massive hydrogen production methods. Basic properties data of the HI-I2-
H2O solution involved in the HI decomposition section of IS-cycle are found to be 
very important. HI, I2, and H2O make up a highly non-ideal solution system. 
Viscosity and its variation with the composition/temperature are very essential for 
the flowsheet work and HI-H2O-I2 solution’s fluid simulation, especially in the 
distillation and electro-electrodialysis processes. In this paper, viscosity values of 
HI-H2O-I2 solutions were measured at atmospheric pressure and varying 
temperatures (from 20 to 125 ºC). As for the composition, the HI/H2O molar ratio of 
the samples ranged from 1:5.36 to 1:12.00, while the HI/I2 molar ratio from 1:0 to 
1:4.0. Both temperature and composition have dramatic influence on the viscosity. 
Increasing temperature or H2O/HI molar ratio will lead to the reduction of viscosity; 
while increasing of I2/HI molar ratio results in the increase of viscosity. It was also 
found that I2 content has a larger and more complex influence on the viscosity of the 
HI-H2O-I2 solution than H2O content does, especially at low temperature (<50 ºC). 

 
I. INTRODUCTION 

 
As a clean energy carrier, hydrogen and its clean 
production have attracted great attention [1, 2]. The 
Iodine-Sulfur thermochemical cycle (IS-cycle) is one 
of the most promising massive hydrogen producing 
methods [3, 4]. It consists of three main reactions 
(three sections), which are Bunsen reaction (Bunsen 
section), sulfuric acid decomposition (sulfuric acid 
section) and hydriodic acid decomposition (HIx 
section), as described by Eqs. (1)-(3): 

I2 + SO2 + 2H2O → 2HI + H2SO4  (1) 
H2SO4   → SO2 + H2O + 1/2O2     (2) 
2HI → H2 + I2                                (3) 
Since proposed by General Atomics in mid 

1970s, IS-cycle attracted considerable theoretical 
and experimental research for the process feasibility. 
Japan Atomic Energy Agency (JAEA) accomplished 
a demonstration of bench-scale IS process involving 
glassware at atmospheric pressure in 2004 [5]. 
Sandia National Laboratories (SNL), General 
Atomics Corporation (GA) and the French 
Commissariat à l'Energie Atomique(CEA) conducted 

laboratory-scale experiments to investigate IS-
process as an International Nuclear Energy Research 
Initiative(INERI) project supported by the CEA and 
US DOE Nuclear Hydrogen Initiative [6]. In China, 
a 10NL-H2/h IS-cycle facility was constructed in 
2007 at INET (Institute of Nuclear and New Energy 
Technology) of Tsinghua University, and the close 
cycle demonstration  were completed in 2009 [7, 8]. 
Research on IS-cycle are also very active in Korea. 
Recently, a demonstration of electrodialysis stack 
embedded HIx section was reported by Korea 
Institute of Energy Research (KIER) to be 
accomplished at H2 producing rate of 10 L/h under 
pressurized conditions [9]. 

In spite of the simple principle, IS-cycle is 
complicated and the close process is very difficult to 
be realized. Considerable separating units are 
required in the process, and the streams are 
especially complex in the HIx section [10]. Basic 
properties data of the components in the HIx section 
are also found to be very important, though this 
section involves mainly three components, i.e., HI, 
I2, and H2O, which make up a highly non-ideal 
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system. In INET’s previous work, thermodynamic 
properties of HI-I2-H2O system are estimated and 
applied in the process simulation & design [11]. 
Viscosity and its variation with the composition are 
very essential for HIx solution’s fluid simulation, 
especially in the distillation and electro-
electrodialysis processes.  
In this study, HI-I2-H2O solutions of different molar 
ratios were prepared. Based on the measured 
viscosity values and concentration data, the 
relationship among viscosity, composition and 
temperature of HI-I2-H2O solution was discussed. 
 

II. EXPERIMENTAL 
 

II.A. Chemicals 
 
Azeotropic hydriodic acid was prepared by 

distillation of hypo-azeotropic hydriodic acid (~56 
wt%) purchased from Beijing Leadersh Chemical Co. 
Ltd. With the azeotropic hydriodic acid and iodine 
(>99.8 wt%, also from Beijing Leadersh Chemical 
Co. Ltd.), HI-I2-H2O solutions of different 
compositions were prepared. 
 

II.B. Preparation and viscosity measurement of 
the HI-I2-H2O solutions 

 
A series of HI-I2-H2O solutions of certain 
compositions were first prepared, starting with 
azeotropic hydriodic acid, iodine and deionized 
water. The HI-H2O molar ratio of azeotropic 
hydriodic is fixed as 1:5.360, thus the composition of 
HI-H2O-I2 solutions could be calculated simply 
based on the masses of the starting materials. In this 
research, the HI/H2O molar ratio of the samples 
ranged from 1:5.36 to 1:12.00, while the HI/I2 molar 
ratio from 1:0 to 1:4.00. Because of the I2 
solubility’s strong dependence on both I- content and 
temperature, the precipitation was carefully 
monitored during the solution preparation, ensuring 
all the samples are of homogenous HI-H2O-I2 
ternary system at the tested temperatures. 

Samples were taken from every HI-H2O-I2 
solution for the density and viscosity test. The 
densities were measured using an oscillating U-tube 
density meter (DMA 4100 M, Anton Paar, Austria), 
while viscosity (dynamic viscosity) of samples was 
measured using Ubbelohde viscometers. The 
viscosity values were obtained for the temperatures 
range from 20 to 125 ºC. 
 

III. RESULTS AND DISCUSSION 
 

III.A. Summary of the viscosity data points of HI-
H2O-I2 solution 

 
Totally 399 viscosity data point were obtained for 

the HI-H2O-I2 solution with different composition at 
varying temperatures. Figure 1 illustrates the 
representative viscosity values, drawing the data 
points in viscosity-molar ratio (I2/HI and H2O/HI 
ratios) 3-dimension coordinate graphs. Within the 
range of this research, the viscosity values of the 
solutions change within the range of 0.4~4.0 cP. It is 
obvious that both temperature and composition have 
dramatic influence on the viscosity. For temperature, 
the most significant effect is that with its increasing, 
the viscosity gradually drops and the value is limited 
in a more and more narrow range. For example, the 
measured viscosity varies from 1.050 to 3.909 cP for 
the tests at 20 ºC, while for those at 100 ºC, viscosity 
varies within 0.412 ~ 1.608 cP.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - The viscosity of HI-H2O-I2 solutions with 
different composition 

 
 

III.B. The effect of temperature on the viscosity 
of HI-H2O-I2 solution 

 
Figure 2 illustrates the viscosity variation with 

the changing temperature, using part of the 
experimental data. As discussed in above section, for 
a HI-H2O-I2 solution with certain composition, its 
viscosity drops with the increasing of temperature. 
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Basing on figure 2, we can find out that in the 
arrange of 20~80 ºC, viscosity declines dramatically, 
while when temperature is higher than 80 ºC, the 
reduction of viscosity caused by temperature-
increasing slows down.  

According to the curves in Figure 2, the HI-H2O-
I2 solutions with high I2 content possess large 
viscosity varying arrange. Observing the three curves 
of HI: I2=0, and the three curves of HI: I2=1.5, it 
could be found that addition of water could bring out 
very limited drop of viscosity. While increasing the 
I2/HI molar ratio results in the dramatic raising of 
viscosity, especially at low temperature (<50 ºC). 
Basing on above results we could conclude that at 
low temperature, I2 content has a larger influence on 
the viscosity of the HI-H2O-I2 solution than H2O 
content does. 
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Fig. 2 - The effect of temperature on the viscosity of 
HI-H2O-I2 solution 
 
 

III.C. The effect of composition on the viscosity 
of HI-H2O-I2 solution 

 
Figure 3 reveals viscosity variation of HI-H2O-I2 
solution with the changing of H2O/HI and I2/HI 
molar ratio. Basing on the trends of all the curves in 
Figure 3, the increase of H2O/HI molar ratio reduces 
the viscosity of the solutions. For example, when 
I2/HI molar ratio fixed at 1.5, the viscosity of the 
solutions at 50 ºC will reduce from 2.065 to 1.261 cP, 
with the H2O/HI molar ratio increasing from 5.36 to 
11.98.  

On the other hand, increase of I2/HI molar ratio 
will raise the viscosity significantly. In accordance 
with the discussion in Section 3.1, at temperature 
lower than 50 ºC, the viscosity changes in a larger 
range with the increase of I2/HI molar ratio than with 
H2O/HI ratio. While at the high temperature, 110 ºC, 
for example, the variation of viscosity caused by 

composition difference are limited in a relatively 
narrow range. 
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Fig. 3 -The influence of composition on the viscosity 
of HI-H2O-I2 solution 

 
 

IV. CONCLUSIONS 
 

The viscosity of HI-I2-H2O solution was measured 
under atmospheric pressure, within the temperature 
range of 20 ~ 125 ºC. The HI/H2O molar ratio of the 
samples ranged from 1:5.36 to 1:12.00, while the 
HI/I2 molar ratio from 1:0 to 1:4.0. The results and 
conclusions are summarized as following: 
(1) In the range of this research, the viscosity of the 
solutions changes within 0.4~4.0 cP. Both 
temperature and composition have dramatic 
influence on the viscosity.  
 
(2) Viscosity of HI-I2-H2O solution drops with the 
increasing of temperature. Especially, in the range of 
20~80 ºC, the viscosity declines sharply. 
 
(3) The increase of H2O/HI molar ratio reduces the 
viscosity of the solutions; while increase of I2/HI 
molar ratio will raise the viscosity significantly. 
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