
International Conference on Mathematics and Computational Methods Applied to Nuclear Science and Engineering (M&C 2011) 

Rio de Janeiro, RJ, Brazil, May 8-12, 2011, on CD-ROM, Latin American Section (LAS) / American Nuclear Society (ANS) 
ISBN 978-85-63688-00-2 

CONCEPTUAL DESIGN MODEL OF THE SULFUR-IODINE S-I 

THERMOCHEMICAL WATER SPLITTING PROCESS FOR HYDROGEN 

PRODUCTION USING NUCLEAR HEAT SOURCE  
 

Daniel González Rodríguez, Lázaro García Parra 

Departamento de Ingeniería Nuclear 

Instituto Superior de Ciencias y Tecnologías Aplicadas 

Ave. Salvador Allende esq. Luaces 

dgr@instec.cu; lgarcia@instec.cu 

 

 

ABSTRACT 

 
Hydrogen is the most indicated candidate for its implementation as energy carrier in a future 

sustainable scenario. The current hydrogen production is based on fossils fuels; they have a huge 

contribution to the atmosphere pollution. Thermochemical water-splitting cycles do not have this 

issue because they use solar or nuclear heat; their environment impact is smaller than conventional 

fuels. The software based on chemical process simulation (CPS) can be used to simulate the 

thermochemical water splitting cycle Sulfur-Iodine for hydrogen production. In the paper is 

developed a model for Sulfur-Iodine process in order to analyze his sensibility and calculate the 

efficiency and the influence of many parameters on this value. 

 

Key Words: Thermochemical water splitting cycles, thermal efficiency. 

 

 

1. INTRODUCTION 

 

At the present time several methods of hydrogen production without the environmental 

disadvantages of conventional processes are developed. One of the hydrogen production methods 

has been investigated intensively is the thermochemical water splitting process and the S-I or 

Sulfur–Iodine process is the most studied. 

 

Water molecule disassociation trough several chemical reactions is a thermochemical processes 

that produce hydrogen. These processes require an external heat source that guarantee 

temperatures around 1000 
o
C, the use of the nuclear power of high parameters provides this 

range of values and other benefits. 

 

The reliability of any thermochemical process of thermochemical water splitting depends 

principally on two factors 1) high thermal efficiency and 2) operational flexibility.The thermal 

efficiency of the process characterizes the capability of the cycle to receive steam-generated 

power and to transform it into chemical energy.Therefore the thermal efficiency evaluation of the 

thermochemical splitting process S-I, as well as his stability in the face of the most important 

changes in thermodynamic parameters, constitutes a significant contribution to establish his 

optimal operation conditions. 
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2. THE SULFUR-IODINE S-I PROCESS 

 

Thermochemical water splitting Sulfur-Iodine S-I cycle for H2 production consists of three 

chemical reactions: 

 

I2(s) + SO2 (g) + 2H2O (l) = 2HI (ac) + H2SO4 (ac)   T = 120 
o
C 

 

2H2SO4 (g) = 2SO2 (g) + 2H2O (g) + O2 (g)    T = 850
o
C 

 

2HI (g) = I2 (g) + H2 (g)      T = 450
o
C 

 

For the construction and analysis of the S-I cycle is feasible to divide it in stages or sections. In 

this case it was divided in four fundamental sections. 

 

1. Bunsen Section: Is the system initial section. At this section the two acids, HI (ac) and H2SO4 

(ac), are obtained by Bunsen reaction. 

 

2. Acid Separation Section: At this section the produced acids at the initial section are separate. 

 

3. H2SO4 Section: At this section the sulfuric acid decomposition is produced in sulfur dioxide, 

water and oxygen, this decomposition happen in two reaction steps.  

 

4. HI Section: At this section, hydrogen is produced from the decomposition of hydrioidic acid 

HI, the obtained iodine is incorporated to the system at Bunsen section. 

 

 

Figure 1.  Simplified flowsheet for I-S process. 

 

In order to carry out an analysis of thermal efficiency of the S-I process, it was uses the software 

Aspen HYSYS 2006, a code for chemical processes simulation (CPS) that allows design and 

simulate the process flow diagram.  HYSYS's stationary status was used to simulate the sulfur- 
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iodine S-I process. In HYSYS the fluid packages selection, the chemical reactor selection and the 

kinetic simulation are essential in order to obtain good results.  Not idealized system is used 

because of the chemical components nature, according to the consulted literature the 

thermodynamic fluid package NRTL (Non-Random Two Liquids) is the indicated for the 

chemical system simulation with presence of acids like HI and the H2SO4, besides it was use 

Peng Robinson's state equation as fluid package to resolve the acids state equations in gaseous 

phase. 

 

In order to simplify the flowsheet several considerations were established, the first 

approximation was the use of components separators at the Acid Separation Section. This 

separation process is carried out using a liquid-liquid extractor, for the simulation it was assumed 

a 100 % of efficiency in the separation process of HI and H2SO4 produced at the Bunsen Section. 

 

The decomposition reactions of the H2SO4 happen in two simultaneous reaction steps, for the 

simulation it was considered that reactions are independent and even they occur in different 

chemical reactors, this approximation allows studying the influence of the system parameters in 

both reactions separately. The convection, radiation and conduction heat losses of the component 

elements of the cycle were neglected.The model was made in order to design a hydrogen 

production pilot plant; reason why the initial reacting mass flows must have values according to 

this type of facility. Flows established for model were: H2O (2 kmol/h), SO2 (1 kmol/h), I2 (1 

kmol/h), these flows are corresponding with the reaction balance. Initial conditions of these inlet 

flows were established at atmospheric parameters. 

 

2.1 The Proposed Model for the complete cycle 

 

The proposed Flowsheet for the Sulfur–Iodine S-I thermochemical water splitting process must 

have in concordance with its conceptual design. Initial cycle section corresponds with Bunsen 

Section, in order to simulate this section it was use a continuous stirred reactor because of the 

reactants are in different states of aggregation. 

 

Figure 2.  Flowsheet develop for S-I cycle. 
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If the obtained I2 and SO2 flows are connect to the initial section a closed model is obtained in 

which the unique addition to the cycle is a water mass flow in order to produce hydrogen and 

oxygen as shown Fig. 2. 

 
2.1.1. Bunsen Section  

The Bunsen section is composed of a continuous stirred reactor (CSTR) to simulate the Bunsen 

reaction, at this reactor are incorporated the reactants (SO2, I2 and H2O), previously these 

reactants raises his temperature and pressure in individual heaters (E-100, E101 and E-102).  

Besides the Bunsen reactor has an additional heat flow with the objective to homogenize the 

temperature reactants distribution. The Bunsen Section is shown in Fig. 3. 

 

 

Figure 3.  Flowsheet develop for Bunsen Section. 

The efficiency of Bunsen reaction is a very important parameter because has influence on the 

hydrogen mass flow produced in the cycle by the HI decomposition. An analyses of the inlet 

thermodynamics parameters of I2 and H2O to the reactor, related with the HI mass flow produced 

in the section, was made. The dependence of the I2 parameters was insignificant; however the HI 

mass flow dependence have a strong dependence with the feed water parameters, as shown in Fig 

4: 

 

Figure 4.  Variation on HI production in dependence of water parameters.  
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There is a zone in which the HI's mass flows value is 152 kg/s, however determined parameters 

of the feed water provide the maximum mass flow of HI 238 kg/.These optimal water parameters 

were established like the model designing parameters. 

At the Bunsen section is another element that affects the process efficiency, the flow of 

additional heat to the Bunsen reactor.This parameter affects the reaction performance when 

influencing reactants temperature, for a flow of 5.5e4 kJ/h the % of conversion of Bunsen 

reaction tends to an asymptotic value of 91 % of reaction conversion as shown in Figure 5. 

 

 

 

Figure 5.  Variation of the % of conversion of Bunsen reaction in dependence of heat flow 

to Bunsen Reactor.  

2.1.2. Section H2SO4 

 

The analysis of the section H2SO4 is directed to evaluate the thermal stability of the section, 

according to Huang and T-Raissi [2005] is aimed to evaluate % conversion stability of the Plug 

Flow Reactor where the H2SO4 and SO3 decomposition reaction occurs, with the variation of the 

reactants temperature. 

 

Figure 6.  Flowsheet develop for H2SO4 Section. 
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The obtained results show a total independence of the reactant temperature, in the studied range, 

with the conversion % of decompositions reactions, as shown in figures Fig 7 a) b):

 
   

Figure 7.  Thermal stability of  a) H2SO4 decomposition and b) SO3 decomposition. 

The SO3 mass flow value obtained (QSO3=77.1192 kg/h) corresponds to the 100 % of the H2SO4 

that was incorporated to the Reactor H2SO4-1, therefore the % of conversion remains invariable 

with the increase of reactant temperature in the 100 % value.The mass flow value of SO2 

obtained (QSO2=61.7114 kg) represents a 100 % of conversion of the H2SO4 incorporated to the 

section. 

These results match with the obtained by Huang and T Raissi [2005] with a similar model and it 

have a significant importance because they allows us to establish design parameters of these 

sections in low values and still obtained the same efficiency in the stage. 

 
2.1.3.Section HI 

The analysis of this section is aimed to evaluate the stability of H2 formation with the variation 

of reactant temperature at PFR Reactor HI. In Fig. 8 is shown the flowsheet develop for HI 

section. The HI inlet temperature variation at PFR (Reactor HI) is carry out in a range of 200 
o
C, 

from 450 
o
C to 650 

o
C.  In Fig. 9 is shown the thermal stability of HI section. 

 

 

 
 

Figure 8.  Flowsheet develop for HI section. 
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Figure 9.  Thermal stability of HI section. 

 

 

The independence of the H2 mass flow value with temperature is an important result, because 

allows that the 100 % of HI incorporated to the section be decomposed. Besides the cycle can be 

implemented at lowers temperatures and still obtained the same H2 mass flow and therefore raise 

the thermal efficiency of the process. The mass flow of produced H2 is Q H2 =1.9420 kg/h with 

independence of the temperature in the studied range.This value represents an energy contained 

of QH2, out =65, 2317 kW/h). 

 
2.2. Estimation of the process efficiency  

 

Global efficiency of the thermochemical water splitting S-I process can be determinate, 

according to Yildiz and, Kazimir [2005], like the reason between energy contained in produced 

hydrogen and total energy supplied to the process. 

In order to use this definition of efficiency is assumed that all energy losses in the production 

process are zero, these include the convection, radiation and conduction energy losses at all 

process components. Taking into consideration the above assumption, the expression for the 

efficiency is: 

 

SIin

outH

ISH
Q

Q

,

,2

,2   

 

Where, 

QH2; out: Energy contained in produced hydrogen. 

Qin; SI: Total energy supplied to the S-I process. 
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Energy contained in produced hydrogen is calculated, for a mass flow value, knowing the value 

of the storage capacity of hydrogen produced energy (CH2), according to DOE [2002] the 

energy capacity of produced hydrogen is (CH2=33.59kWh/kg), then energy contained in 

produced hydrogen can be calculated as: 

kWhkgkgkWhQCQ HHISin 23.65/942.1*/59.33* 22,   

In order to calculate the total energy supplied to the process is used the following equation, 

obtained a heat balance is made at the model: 

kWqqQ
n

i

m

j

outinISin 56.83
1 1

,  
 

,  %06.787806.0
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This value of process efficiency is in the range publish by Yildiz and Kazimir [2005], taking into 

account the initial considerations. 
 

 

 
2.3. Analysis of the process efficiency  

As it is observed in equations, the value of efficiency depends on the contrary on the value of 

energy supplied to the process.This value is in dependence of algebraic sum of the heat flows 

implicated (qin; SI), besides the total efficiency of the process depends directly on the H2 mass 

flow obtained. 

In the proposed model, the heat flow to the reactor Bunsen has influence in H2 production and in 

the sum of all the heat flows incorporated to the process; taking this into account, is important to 

accomplish a study of the behavior of the process efficiency with the variation of the heat flow 

(E4) to the Bunsen reactor.For this analysis the variation of the heat flow (E4) is made from 1e4 

kJ/h to 1,5e5 kJ/h. 

 

Figure 10.  Efficiency change depending on the heat flow to the Bunsen reactor 

 

As is observed in the Figure 10, the behavior of efficiency presents a significant variation in 

dependence of the value of the heat flow (E4), for a value of 6.5e4 kJ/h to Bunsen reactor the 

efficiency presents his maximum value of η=0,7105. This result presents a high importance 

because it permits to establish designing optimal parameters to implement the cycle with its 
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maximum efficiency. 

 

At this section the behavior of the proposed model with different values of reactants initial flow 

is analyzed, with the aim of analyze the behavior of process thermal efficiency and hydrogen 

production. This analysis is made in the same proposed model, without any change in his 

configuration.The reactants mass flows values will be varied in two different ranges, for flows 5 

and 10 times superior. 

 

Figure 11.  Variation of efficiency according to Heat Flow to Bunsen Reactor for three 

values of initial reactants mass flows. 

 

In Figure 11, the highest values of efficiency for the proposed model are obtained for the initial 

reactants mass flows. As reactants flows increment, the efficiency of the model diminishes.This 

increase of reactants flows at the initial section produce an increase of the produced H2 and in the 

amount of energy contained in this H2; however this increase does not compensate the quantity 

of energy that requires the process; although the behavior of efficiency is the same, this presents 

smaller values than the model with the initials mass flows values. 

 

 

3. CONCLUSIONS  

 

The fact that had obtained a model for the complete process constitutes an innovation, because 

the existence of similar models is not reported at the literature search. 

Several analyses of his sensibility in front of changes in the process parameters came true in the 

proposed model thus the variation of the design parameters of the installation. Results obtained 

for the H2SO4 analysis of the section of decomposition present similar results to the looked up 

bibliography. 

Models developed for each of the sections of the process were submitted to a sensitivity analysis 

to raise the efficiency of the process S-I. Is able to develop a closed model for the S-I process, 

what presents more similitude with real conception of the cycle.The conclusions of this work are 

enunciates below: 
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 The parameters of the feed water has influence in mass flows of  HI and  H2SO4 produced 

at the Bunsen section, exist a zone corresponding to determined water parameters which 

obtain  mass flows maximums for QH2SO4= 92 kg/h and QHI=238 kg/ h. 

 

 The heat flow to the reactor Bunsen influences in a direct manner in the conversion % of 

Bunsen reaction, presenting a maximum value of conversion % for a heat flow of 7,5e4 

kJ/h, the maximum % obtained was 91 %. 

 

 The global efficiency of the process presents a variable behavior in dependence of some 

thermodynamic parameters of the model; the value of efficiency obtained for the 

proposed model is 0.7804 finds within the range yielded by Yildiz and Kazimir [2005]. 
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