
  
American Institute of Chemical Engineers 

  
  

  
PPaatthh  FFoorrwwaarrdd  ttoo  aa  

HHyyddrrooggeenn  EEccoonnoommyy  
  
 

Topical Conference at the  
2007 AIChE Annual Meeting  

  
  
  
  
  

November 4-9, 2007 
Salt Lake City, Utah, USA 

 
 
 

 

 

Printed from e-media with permission by: 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
www.proceedings.com

 
ISBN: 978-1-60423-843-3 

 
Some format issues inherent in the e-media version may also appear in this print version. 

 

http://www.proceedings.com/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISBN: 978-1-60423-843-3 
 
Copyright (2007) by the American Institute of Chemical Engineers. 
All rights reserved. 
  
For permission requests, please contact the American Institute of Chemical Engineers at the 
address below. 
  
American Institute of Chemical Engineers  
Proceedings  
Three Park Avenue 
New York, NY 10016-5991 
Phone: 212-591-8100 
 
www.aiche.org  

http://www.aiche.org/


American Institute of Chemical Engineers 
 

Path Forward to a Hydrogen Economy 
 

TABLE OF CONTENTS 
 

Results of the Ec Funded Project Hythec on Massive Scale Hydrogen Production 
Via Thermochemical Cycles .............................................................................................................. 1

A. Duigou, J. Borgard, B. Larousse, D. Doizi, F. Werkoff, R. Allen, B. Ewan, G. Priestman, 
R. Elder, M. Minocha, G. Cerri, C. Salvini, C. Corgnale, A. Giovannelli, M. Roeb, N. 
Monnerie, M. Schmitz, A. Noglik, C. Sattler, D. Manzano, A. Martinez, J. Rojas, S. 
Dechelotte, O. Baudouin 

 

Status of  Sulfur Iodine Cycle Assessment at Cea ........................................................................ 15
P. Carles, X. Vitart, P. Yvon 

 

Life Cycle Assessment of the Sulfur-Iodine Cycle ........................................................................ 16
W. C. Lattin, V. P. Utgikar 

 

Relative Economic Incentives for Hydrogen from Nuclear, Solar, and Fossil 
Energy Sources................................................................................................................................. 19

C. Forsberg, M. B. Gorensek 
 

Status of the Sulfur-Iodine Integrated Lab Scale Experiment ...................................................... 27
B. E. Russ, R. T. Buckingham, L. Brown, G. Besenbruch, P. Pickard, M. Helie 

 

Continuous Flow Operation of a Bunsen Reactor in the Iodine-Sulfur 
Thermochemical Water-Splitting Cycle .......................................................................................... 28

A. Giaconia, S. Sau, G. Caputo, C. Felici, P. Tarquini 
 

Titania-Supported Platinum-Group Metal Catalysts for Sulfur-Based 
Thermochemical Water Splitting Cycles ........................................................................................ 31

L. M. Petkovic, D. M. Ginosar, K. C. Burch 
 

Supported Metal Particle Catalysts For Sulfuric Acid Decomposition Reaction ....................... 32
S. N. Rashkeev, D. M. Ginosar, L. M. Petkovic, H. H. Farrell 

 

Activated Carbon Catalysts For Hydrogen Production In The Sulfur-Iodine 
Thermochemical Water Splitting Cycle .......................................................................................... 33

D. M. Ginosar, L. M. Petkovic, K. C. Burch 
 

Decomposition of Hydrogen Iodide in the S-I Thermochemical Cycle Ni Catalyst 
Systems ............................................................................................................................................. 34

A. Spadoni, M. Lanchi, C. Felici, P. Favuzza, R. Liberatore, P. Tarquini, C. Mazzocchia, C. 
A. Tito 

 

Membrane Separations Technology for the Sulfur-Iodine Thermochemical Cycle ................... 41
F. F. Stewart, C. J. Orme 

 

Generation of Hydrogen Using Electrolyzer with Sulfur Dioxide Depolarized 
Anode ................................................................................................................................................. 42

John L. Steimke, Timothy J. Steeper 
 

Hydrogen Generation by Plasma-assisted Electrolysis of  H2O/SO2 Gas Mixture ................... 49
W. M. Lee, I. G. Koo, M. S. Lee, J. H. Kim, M. Y. Choi, J. H. Sohn 

 

Design of Composite Sulfuric Acid Decomposition Reactor, Concentrator and 
Preheater for Hydrogen Generation Processes............................................................................. 54

S. M. Connolly, D. F. McLaughlin, E. J. Lahoda 
 



Measurements of the Simultaneous Solubility of Oxygen and Sulphur Dioxide in 
Water for the Hybrid Sulphur Thermochemical Cycle .................................................................. 73

A. Shaw, B. Ewan, R. W. K. Allen 
 

Mechanical Design and Fabrication of a High-Temperature ........................................................ 80
R. X. Lenard, F. Gelbard, P. H. Helmick 

 

Experimental Testing of a High-Temperature ................................................................................ 89
F. Gelbard, R. X. Lenard 

 

Meeting U.S. Liquid Transport Fuel Needs with a Nuclear Hydrogen Biomass 
System ............................................................................................................................................... 90

C. Forsberg 
 

A Hybrid Sulfur Cycle Flowsheet Using a Pem Electrolyzer and a Bayonet-Type 
Decomposition Reactor.................................................................................................................. 106

M. B. Gorensek 
 

Improved Process Flowsheet for the Hybrid Sulfur Process for Hydrogen 
Production ....................................................................................................................................... 107

M. B. Gorensek, D. F. McLaughlin, W. A. Summers, E. J. Lahoda 
 

Process Design And Economics for The Hybrid Sulfur Process .............................................. 108
W. A. Summers 

 

S-I Process Economics Using H2A Analysis ............................................................................... 109
R. T. Buckingham 

 

Improving the Efficiency of the Sulphur Iodine Thermochemical Cycle for 
Hydrogen Production Using Membrane Separations ................................................................. 110

R. H. Elder, G. H. Priestman, R. W. K. Allen 
 

Evolution of the Sulfur-Iodine Flowsheet, 1977-2007.................................................................. 118
L. C. Brown 

 

Sulphur-Iodine Plant for Large Scale Hydrogen Production by Nuclear Power ...................... 120
G. Cerri, C. Salvini, C. Corgnale, A. Giovannelli, D. De L. Manzano, A. O. Martinez, A. Le 
Duigou, J. M. Borgard, F. Werkoff 

 

Flowsheet Evaluations for the Thermochemical Water-Splitting Iodine-Sulfur 
Process (II) ....................................................................................................................................... 130

S. Kubo, Y. Imai, H. Ohashi, S. Kasahara, N. Tanaka, H. Okuda, K. Onuki 
 

Flowsheet Evaluations for the Thermochemical Water-Splitting Iodine-Sulfur 
Process (I) ........................................................................................................................................ 135

S. Kubo, M. Ijichi, M. Hodotsuka, M. Yoshida, S. Kasahara, K. Isaka, N. Tanaka, Y. Imai, K. 
Onuki 

 

Control Techniques for Bunsen Reaction Solution to Regulate Process Condition............... 142
S. Kubo, H. Nakajima, Y. Imai, S. Kasahara, K. Onuki 

 

Recent Progress in High Temperature Electrolysis .................................................................... 147
J. S. Herring, C. M. Stoots, J. E. O'Brien, J. J. Hartvigsen, G. K. Housley 

 

Results of  Recent High Temperature Co-Electrolysis Studies at the Idaho 
National Laboratory ........................................................................................................................ 155

C. M. Stoots, J. E. O'Brien, J. J. Hartvigsen 
 

Parametric Study of Large-Scale Production of Syngas Via High Temperature Co-
Electrolysis ...................................................................................................................................... 164

J. E. O'Brien, M. G. McKellar, C. M. Stoots, J. Stephen Herring, G. L. Hawkes 
 



Post-Test Evaluation of the Oxygen Electrode from a Solid Oxide Electrolysis 
Stack and Electrode Materials Development ............................................................................... 178

J. R. Mawdsley, J. D. Carter, B. Yildiz, A. V. Call, A. J. Kropf, M. S. Ferrandon, D. J. Myers, 
V. A. Maroni 

 

3D Cfd Model of A Multi-Cell High Temperature Electrolysis Stack .......................................... 186
G. L. Hawkes, J. E. O'Brien, C. M. Stoots 

 

S-I Cycle Simulation Using Prosimplus........................................................................................ 193
O. Baudouin, S. Dechelotte, P. Guittard, M. Roeb, N. Monnerie, J. M. Borgard, G.Cerri, C. 
Corgnale 

 

Detailed Modeling of the Thermodynamics of  the Sulfur-Iodine Thermochemical 
Cycle................................................................................................................................................. 194

G. M. Bollas, M. S. Kazimi, P. I. Barton 
 

Modeling the Solubility of Sulfur Dioxide in Sulfuric Acid Solutions........................................ 198
M. B. Gorensek, J. P. O'Connell, P. M. Mathias 

 

Influence of  Some Critical Data on Efficiency of Extractive Distillation for S_I 
Cycle................................................................................................................................................. 199

J. M. Borgard 
 

Process Model-Free Analysis for Thermochemical Efficiencies of Sulfur-Iodine 
Processes for Thermochemical Water Decomposition .............................................................. 200

J. P. O'Connell, P. Narkprasert, M. B. Gorensek 
 

Economic Analysis of the Hybrid Chlorine Cycle ....................................................................... 214
C. H. Gooding 

 

Analysis of the Copper Sulfate Cycle for the Thermochemical Splitting of Water 
for Hydrogen Production................................................................................................................ 222

V. J. Law, J. C. Prindle, R. B. Gonzales 
 

Method to Rank Thermochemical and Hybrid Cycles According to Energy 
Efficiency ......................................................................................................................................... 229

M. J. Bagajewicz, D. Q. Nguyen, T. Cao, R. Crossier, T. Fish, M. Behring 
 

Testing of Particle Bed Electrodes for the Production of Hydrogen ......................................... 230
M. Crane, G. Prager 

 

Alternative Thermochemical Cycles Being Considered by Industry for 
Deployment...................................................................................................................................... 237

T. B. Calloway, W. A. Summers 
 

Analysis of Kinetics of CaBr2 Hydrolysis in a Direct Steam Sparging Contactor ................... 238
C.B. Panchal, R. Lyczkowski, S. A. Lottes, J. Yang, R. D. Doctor 

 

Tantalum Applications for use in Scale Sulfur-Iodine Experiments.......................................... 246
T. Drake, B. E. Russ, L. Brown, G. Besenbruch 

 

General and Stress Corrosion Behavior of  Construction Materials for Hi Gaseous 
Decomposition ................................................................................................................................ 247

B. Y. Wong, L. C. Brown, G. Besenbruch, A. Roy, J. Pal, R.S. Koripelli 
 

Resistance to Corrosion of  Silicon-Based Ceramic Materials in Sulfuric Acid 
Containing Environments for Hydrogen Production .................................................................. 248

C. Lewinsohn, M. Wilson, H. Anderson, A. Johnson, T. M. Lillo 
 

Dynamic Simulation of  the Heat Transfer Loop in a Nuclear Hydrogen Production 
Plant.................................................................................................................................................. 256

P. D. Ramirez-Munoz, M. S. Kazimi, Paul I. Barton 
 



Investigation of  SO3 Electrolysis as an Alternative Step in the Sulfur-Iodine 
Thermochemical Process for Hydrogen Production................................................................... 259

J. D. Carter, J. R. Mawdsley, M. Ferrandon 
 

Sulfuric Acid Decomposition Under Pressurized Conditions in a Pt-Lined Tubular 
Reactor ............................................................................................................................................. 261

C. S. Kim, K. Y. Lee, K. H. Song, G. T. Gong, K. S. Yoo, B. S. Ahn, K. D. Jung, H. Kim 
 

Solar Production of  Hydrogen Using a Cadmium Based Thermochemical Cycle .................. 263
L. C. Brown, B. Y. Wong 

 

The Rapid Dissociation of Manganese Oxide To Produce Solar Hydrogen ............................. 264
T. M. Francis, A. W. Weimer 

 

Thermochemical Performance of  Ferrite Materials for Carbon Dioxide Splitting 
Processes ........................................................................................................................................ 265

N. P. Siegel 
 

Iron-Cobalt Spinel Oxides for Thermochemical Hydrogen Production .................................... 266
J. R. Scheffe, H. Funke, A. W. Weimer 

 

Hydrogen Production via Hydrolysis of  Zinc Nanoparticles ..................................................... 267
T. A. Hamed, J. Davidson, J. Haltiwanger 

 

Inorganic Membranes to Improve the Efficiency of  the Production of Hydrogen 
Using Nuclear Energy..................................................................................................................... 274

B. L. Bischoff, D. F. Wilson, L. E. Powell, K. D. Adcock 
 

Numerical Study of  Sulfur Trioxide Decomposition in Bayonet Type Heat 
Exchanger and Chemical Decomposer ........................................................................................ 275

V. Nagarajan, V. Ponyavin, Y. Chen, M. E. Vernon, P. Pickard, A. E. Hechanova 
 

Ngnp Process Heat Utilization: Evaporative Spiral Heat Exchanger Design............................ 277
P. Sabharwall, S. Sherman, V. P. Utgikar 

 

Comparison of Sodium Thermosyphon with Convective Loop ................................................. 284
F. Gunnerson, P. Sabharwall, S. Sherman 

 

Modeling of  High Temperature Shell and Tube Heat Exchanger and Decomposer 
for Hydrogen Production................................................................................................................ 287

G. Kuchi, V. Ponyavin, Y. Chen, S. Sherman, A. E. Hechanova 
 

Intermediate Heat Exchanger Dynamic Thermal Response Model ........................................... 289
E. Urquiza-Fernández, P. Peterson, R. Greif 

 

Author Index 
 

 

 




