Chemical
Engineering Science

ELSEVIER Chemical Engineering Science 60 (2005) 7160—7167
www.elsevier.com/locate/ces

Optimization of the process parameters of an electrochemical
cellinthe IS process

Mikihiro Nomura®*, Hiroyuki Okud@&, Seiji Kasahar Shin-ichi Naka8

aDepartment of Chemical System Engineering, Faculty of Engineering, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
bPpepartment of Advanced Nuclear Heat Technology, Oarai Research Establishment Japan Atomic Energy Research Institute, Niibori 3607, Narita-cho,
Oarai-machi, Higashiibaraki-gun, Ibaraki 311-1394, Japan

Received 28 September 2004; received in revised form 2 June 2005; accepted 8 July 2005
Available online 19 August 2005

Abstract

One of the key reactions for efficient hydrogen production using the water-splitting iodine—sulfur (IS or S—I) process is the Bunsen
reaction(SOp + 2 4+ 2H>,O = H»SO4 + 2HI). The Bunsen reaction was examined using an electrochemical cell with a cation exchange
membrane as the separator. The optimal molalities of anolyte and catholyte were evaluated by total thermal efficiency using the heat/mass
balance of the IS process. Thg/HI ratio had little effect on the required total voltage; thgHil ratio can be reduced to 0.5 without
decreasing the total thermal efficiency. On the other hand, HI a8y molality greatly affected the total thermal efficiency. The
total thermal efficiency increased with increasing HI molality up to716ol kg_H o and the maximum thermal efficiency was found at
15.3mol kgH o of H2SO4. Membrane resistances are very important parameters affecting the efficiency. The total thermal efficiency
increased by 3.0% at a current density of the electrochemical cell .6fA1lm—2 by increasing the operating temperature from 313 to
363K.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction the high-temperature gas-cooled react@nyki et al., 1990

JAERI conducted continuous hydrogen production using the
Hydrogen is an attractive energy carrier for future trans- IS process using a glass-made apparaieskgjima et al.,

portation systems and is easily converted to electricity using 1998:; Kubo et al., 2004 Production of 3155 LH, h~1 of hy-

afuel cell. There are various processes proposed for an effecdrogen was successfully obtained for 21 h to develop oper-

tive hydrogen production from water, such as electrolysis or ating procedures for the IS process. The IS process consists

photochemical production. Thermochemical water splitting of the three reactions described below.

using solar or nuclear heat is a promising method for large- s 9 + 16HO = (H-S 4H,0O

scale hydrogen production without carbon dioxide emission. 2 +9l2 + 20 = (Hz50k + 4H;0)

Many processes for thermochemical hydrogen production + (2HI + 8l + 10H,0) 1)
have been proposed since the 1960snk, 200). A group H,SOp + 4H,0 = SO, + 5H,0 + 0.50, (2)
of Japan Atomic Energy Research Institute (JAERI) has been

developing the lodine=Sulfur (IS or S—1) process as one of 2H! 4812 +- 10H0 = Hz + 912 + 10H,0 ®3)

thermochemical hydrogen production methods for use with 11,4 st reaction is called the Bunsen reaction. Water re-

acts with SQ and b to form a bSOy and HI solution. Gen-
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if sufficient excess iodine is added to form two liquid phases. Cation exchange membrane
An excess of 4 and water is required for the reaction mix-
tures as shown in reaction (1)2Fnd G are obtained by 2
heat decomposition of these acids as indicated by reactions l l
(2) and (3), respectively. Decomposedand SQ are recy-
cled to the Bunsen reactiorr &nd SQ act as catalysts for
the decomposition reaction of water and the highest temper- S0,+2H,0
ature required decreased to approximately 1000K (reaction I
(2)) for the IS process. Anode . Cathode
This process must be operated efficiently for efficient hy- < 2H > —
drogen production. There have been several methods re- 2e” 2e
ported to simplify the IS process. The group of G¥ofman H2S0, 21"
et al., 198} demonstrated an extractive distillation method
using phosphoric acid to reduce vaporized water before re-
action (3). A group at Aachen UniversitR¢th and Knoche, l l
1989 proposed a reaction distillation where the decompo-
sition reaction of HI was employed to simplify the pro- H,SO, 2HI
cess. The total thermal efficiency calculation is important
to estimate the effect of the improvemeni#orman et al.
(1982)claimed a thermal efficiency of 47% by calculating
heat/mass balance of the process featuring an extractive dis- .
tillation method for the HI distillation procedur&asahara  'ot@l (the Bunsen reaction):
et al. (2003)reported a thermal efficiency of 57% under SOz + 12+ 2H20 = H2S0s + 2HI (6)

ideal conditions using two membrane separation techniques Tpe H,SO4 and HI solutions are obtained separately on
(an electro-electrodialysis (EED) and a hydrogen permse-gjther side of the cation exchange membrane. Therefore, the
lective membrane reactor (HPMR)). The first is an EED to |, and 1,0 required for a liquidliquid separator can be re-
concentrate the HI solution using a cation exchange mem-qyced. We reported that the Bunsen reaction was success-
brane (e.g.Onuki et al., 2000; Hwang et al., 2003wang  fy|ly employed using the EC reduceg fecycling by 93%
et al. (2003)successfully concentrated the HI solution to (Nomura et al., 2004aThe excess of D was also reduced
over 21 wt% (15molkgy,o) of Hi at a temperature of by 699 (Nomura et al., 2004b The total initial cost can
393K. The second membrane technique is the applicationpe reduced by 20% by applying the EC due to the combi-
of a HPMR for the decomposition reaction of HI. The silica nation of the Bunsen reactor and the liquid—liquid separator
membrane deposited At=873 K was stable for 24 h with a (Nomura et al., 2008 However, EC evaluations only con-
Ha—HI-H,O atmosphere at a temperature of 723Hvang  sjdered the HI concentration and decomposition procedure
et al., 2000. The effect of hydrogen extraction on reaction (Nomura et al., 2004b Therefore, the optimum operating
(3) was demonstrated Byomura et al. (2004a)sing silica  conditions for this EC were not clear. In this report, the ef-
membranes. fects of an EC on the IS process were evaluated using the
It is important to reduce thepland water at the  heat/mass balance calculations for both HI an@€y pro-

liquid-liquid separator after the Bunsen reaction because cequres, and operating conditions were optimized for total
excess 4 and water are added by this procedure. When thermal efficiency to obtain hydrogen.

the liquid—liquid separator after the Bunsen reaction is em-

ployed, it is necessary to recycle 8 mol gftb obtain 1 mol

of hydrogen as shown in the reaction equation (1). Recently, 2. Experiment results

an electrochemical cell (EC) featuring a cation exchange

membrane has been applied to the Bunsen reaction to re- The detailed experimental procedures have been described
duce the recycling ofol An EC is a combination of an  previously Nomura et al., 2004aThe experiment was per-
acids separator and concentrator of HI angsBy. Fig. 1 formed at a temperature of 313-363 K with constant cur-
shows a schematic diagram of the EC apparatus. Hl and | rent, controlled by Potentiostat/Galbanostat HA-305 (the
solution is introduced as a catholyte, and;Slution is Hokuto Denko, Japan). The cation exchange membrane was
supplied as an anolyte. The reactions at both sides of theNafion 117 (Dupont, USA, effective membrane are@65«

S0,+2H,0

Fig. 1. A schematic diagram for the electrochemical cell (EC) for the
Bunsen reaction.

electrodes are as follows: 10~*m?). Graphite felts provided by Toyobo (Japan) were
At the anode side electrode: used as electrodes on both sides of the EC. The HI and the
SO + 2H,0 = HoSOy + 2HY + 26 (4) Hz'SO4 splut'ions were diluted to thg specified concentration
i _ using deionized water, and poured into 200 ml flasks. The so-
At the cathode side electrode: lutions were circulated between the membrane reactor cells

l2+2H" +2e” = 2HI (5) and flasks by a roller pump (RP-100, Tokyo Rikakiki Co.
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