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Study of Reaction Temperature and Sulfur
Dioxide Feed Rate in the Sulfur lodine
Production Cycle Reactions
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Abstract—The Bunsen reaction is one of the sulfur iodine
production cycle (SI or 1IS) reactions in the thermochemical
process that involves in the production of HI which is one of
the most important intermediate chemicals in the hydrogen
energy. In this work, the Bunsen reaction in a designed plug
flow reactor (1 inch diameter x 12 inches length) equipped with
a cooling jacket for the production of hydroiodicacid and
sulfuric acid is studied. The Bunsen reaction is simulated by
commercial simulation software based on the kinetic data from
literatures with the temperature of 330 K, excess iodine, water
feed rate and the feed rate of sulfur dioxide of 50 kg/hr. In
order to validate the model, the amount of iodine, sulfur
dioxide, water, sulfuric acid and hydroiodic acid are compared
with experimental data; the relative discrepancies are 0.22 %,
1.43%, 0.17%, 2.85% and 2.88%, respectively. These
simulation results guarantee that the model is reliable to be
used to study the effects of reaction temperature and sulfur
dioxide feed rate on the amounts of products. In the effect of
reaction temperature, the amounts of products (hydroiodic
acid and sulfuric acid) increase when the reaction temperature
is raised from 293 to 373 K but they decrease when the
temperature is higher than 373 K. These results indicate that
the reaction temperature of higher than 373 K promotes the
side reaction and inverse the Bunsen reaction. Moreover, the
amounts of products increase when the sulfur dioxide feed rate
increase. These results show that the amount of products are
directly depended on the sulfur dioxide feed rate. In contrast,
the amounts of iodine and water decrease when the feed rate of
sulfur dioxide increases.

Keywords—simulation, Bunsen reaction, plug flow reactor,
hydroiodic acid, sulfur iodine

I. INTRODUCTION

uring the last decade, the demand of the energy has

been suddenly increased while the rate of energy
production from fossil fuel to supply that demand are still
the same. To avoid the lack of energy supply in the future,
there are many researches about the alternative energy
resources which have the properties as good as to fossil fuel
such as hydrogen and sulfur iodine [1].
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The sulfur iodine (SI or IS) is the thermochemical process
that increases the potential of overall efficiency and the
operating cost is lower than the fossil fuel production
process [2].

The cycle of sulfur iodine production consists of three
chemical reactions. A scheme of a reference process is
proposed by General Atomics (GA) [3].

Bunsen reaction:

I, +S0,+2H,0 —  2HI+ H,S0, (1)
Decomposition reaction of hydroiodic acid:

2HI - Ih+H, )
Decomposition reaction of Sulfuric acid:

H,SO0, — SO, + H,0 +1/20, (3)

The Bunsen reaction (Eq.1) is an exothermic reaction at
the temperature 293-393 K [1]. The reaction of sulfur
dioxide (SO,), the excess of water (H,O) and iodine (I,)
generates hydroiodic acid (HI) and sulfuric acid (H,SO,) as
the products [3]. The excess of iodine and water provide for
avoiding the reversible Bunsen reaction. The products in this
process always separate into two liquid phases because
hydroiodic acid and sulfuric acid are immiscible liquids. The
separation between two phases takes place under gravity.
The upper phase consists of sulfuric acid, sulfur dioxide as
well as water and-the lower phase consists of hydroiodic
acid, iodine, sulfur dioxide and water. After separation
section, hydroiodic acid decomposes into iodine and
hydrogen. The decomposition of hydroiodic acid (Eq.2) is
an endothermic reaction at the temperature 673-773 K [1].
In addition, Sulfuric acid is decomposed to sulfur dioxide,
water and oxygen. The decomposition of sulfuric acid
(Eq.3) is an endothermic reaction at the temperature 1073-
1273 K [4]. The net of reactions is a dissociation of water
into hydrogen and oxygen. The other chemicals are recycled
in the closed cycle process.
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Fig. 1 Schematic diagram of the sulfur-iodine thermochemical cycle for
hydrogen production.

Establishing the closed-cycle operation technology and
improving the thermal efficiency of the process are both
highly sensitive to several factors involved in the Bunsen
reaction [4] such as reaction temperature, the amount of
sulfur dioxide in the feed and the composition of process
solution.

In this work, the Bunsen reaction is simulated by using
commercial simulation software. In addition, the effect of
reaction temperature is investigated by changing the reaction
temperature in range of 293 — 393 K and the effect of sulfur
dioxide feed rate is investigated by varying the sulfur
dioxide feed rate from 40 to 60 kg/hr.

I1.EXPERIMENTAL METHODS

A.Plug flow reactor simulation

A plug flow reactor is selected to use in this work because
it is a better choice over a CSTR [5].This process based on
the low feed rate of sulfur dioxide (SO,) to the Bunsen
reactor that is designed by Matt Channon. The reactor’s
specification for this work is shown in Fig. 2. The
simulation flow model in commercial simulation software is
shown in Fig. 3.
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Fig. 2.The design of plug flow reactor.
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Fig. 3.The simulation model of Bunsen reaction in plug flow reactor.

This reactor is produced from a glass lined pipe and
equipped with a cooling jacket. The materials for producing
the cooling jacket depend on the section of coolant [5]. For
this work, the cooling jacket is made by glass and water use
as a coolant.

In the simulation section, the temperature in a Bunsen
reaction operates at 330 K with excess iodine and water feed
rate [7]. The feed rate of sulfur dioxide to the Bunsen
reactor is 50 kg/hr.

TABLE |
FEED RATE AND VALUES RECOMMENDED BY Lee et al. (2008)

Species Feed in to reactor (kg/hr)
lodine 991.4

Sulfur dioxide 50
Water 182.8

In this work, the simulation results of Bunsen reaction by
commercial simulation software are compared with
experimental data [5]. In addition, the effects of reaction
temperature and sulfur dioxide feed rate are studied.

I1l. RESULTS AND DISCUSSION

In order to validate the model, the amount of iodine,
sulfur dioxide, water, sulfuric acid and hydroiodic acid are
compared with experimental data; the relative discrepancies
are 0.22 %, 1.43%, 0.17%, 2.85% and 2.88%, respectively.
The simulation results are slightly different from the
experimental data as presented in Table Il. Therefore, the
model is reliable to be used to study the effects of reaction
temperature and sulfur dioxide feed rate.
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TABLE I 1000 -
SIMULATION RESULTS —
= 980 -
2
Feed in Output from reactor Relative bt 960 1 —o— lodine
- to (kg/hr) discrepancy 2 940 -
Species reactor experimental Simulation (%) §
(kg/hr) data = 920
I, 991.40 925.90 927.91 0.22 £ 900 -
5 ]
SO, 50.00 33.50 33.98 1.43 g— 880
o 860
H.O 182.80 173.50 173.80 0.17 840
H>S04 - 25.26 2454 2.85 273 293 313 333 353 373 393
HI - 65.90 64.00 2.88 temparature (K)

Fig.5b.The effect of temperature on the amount of iodine.
A. Effect of reaction temperature on the Bunsen reaction

To investigate the influence of reaction temperature, the 18
reactants such as iodine (I,), sulfur dioxide (SO,) and water %
(H,0) are fed into the reactor with flow rate equal to 991.4, % 180
50 and 182.8 kg/hr, respectively. The reaction temperature 2 175
that use in this work is in range of 293 K to 393 K. o — A Water
£
2 170 -
140 - s
3
= —e— sulfuric acid = |
E 120 - sulturic aci 8 165
(=2}
:} 100 {  —%— Hydroiodic acid 160
o
§ 80 - 273 293 313 333 353 373 393
% 60 - temparature (K)
é_ 40 1 Fig.5¢.The effect of temperature on the amount of water.
5
O 20 A ) . .
From Fig.4., the trends of the amounts of sulfuric acid
0 (H,SO,) and hydroiodic acid (HI) are increased when the
273 293 313 333 353 373 393 reaction temperature is increased from 293 K to 373 K.

temparature (K) However, the amounts of products start to decrease when

the reaction temperature is higher than 373 K. These results

Fig. 4.The effect of temperature on the amount of products (sulfuric acid indicate that t_he reaCt_'on tem_perature higher thar_] 3713 K
and hydroiodic acid). promotes the side reaction and inverse Bunsen reaction.

In the other hand, the amount of reactants (sulfur dioxide,

90 iodine and water) are decreased when the reaction
£ B temperature is increased from 293 K to 393 K but it
g 401 —— Sulfur dioxide increases when the reaction temperature is higher than 373
g > K as shown in Fig. 5a-5c.
8 22 | These phenomena can be explained by the endothermic
£ 20 property of the Bunsen reaction and the active kinetic of the
S 15 compositions in both of two acid phases at the higher
% 10 - reaction temperature [1, 8, and 10].
O 5 4

0 . . . . . , B. Effect of the sulfur dioxide feed rate on the Bunsen

273 293 313 333 353 373 393 reaction

To study the effect of the sulfur dioxide feed rate on the
Bunsen reaction, the experiment are performed by varying
the sulfur dioxide feed rate from 40 to 60 kg/hr and operated
at 293 K. The water and iodine feed rate are set as constant
at 182.8, 991.4 kg/hr, respectively.

temparature (K)

Fig. 5a.The effect of temperature on the amount of sulfur dioxide.
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Fig.6.The effect of sulfur dioxidefeed rate on the amount of products and
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Sulfur dioxide feed rate (kg/hr) Fig.7d.The effect of sulfur dioxidefeed rate on the amount of water.

Fig.7a.The effect of sulfur dioxidefeed rate on the amount of hydroiodic From Fig. 7a and 7b., the amounts of sulfuric acid (H,SO,)

acid. and hydroiodic acid (HI) are increased when the sulfur
_ 357 dioxide feed rate is increased. These results show that the
§ 30 - amount of products are directly depended on sulfur dioxide
e feed rate. In contrast, the amount of iodine and water are
E 25 _ ; decreased when increasing the feed rate of sulfur dioxide as
%Cgo | f shown in Fig. 7c-7d.
< £
£E15 ] : IV. CONCLUSION
% 10 ) The Bunsen reaction in a plug flow reactor is simulated by
R : commercial simulation software. In order to validate the
2 ) model, the amount of iodine, sulfur dioxide, water, sulfuric
5 0 ' acid and hydroiodic acid are compared with experimental
40 45 50 55 60 data. The simulation results show a slightly different trend
Sulfur dioxide feed rate (kg/hr) from the experimental data and there are guarantee that this

Fig.7b.The effect of sulfur dioxidefeed rate on the amount of sulfuric acid. model is reliable to study the effects of reaction temperature
and sulfur dioxide feed rate in the sulfur iodine production
cycle (IS) reactions.

In the effect of reaction temperature, the amounts of
products (hydroiodic acid and sulfuric acid) increase when
the reaction temperature is raised from 293 to 373 K but
they decrease when the temperature is higher than 373 K.
These results indicate that the reaction temperature of higher
than 373 K produce elemental sulfur or hydrogen sulfide
(H2S) [8] and inverse the Bunsen reaction. Moreover, the
amounts of products (hydroiodic acid and sulfuric acid) are
directly increased when the feed rate of sulfur dioxide
increase.
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