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An Analysis of Composition Distributions for 2 Liquid Phase Separation Solution
Composed of HI, H2SOy4, Iz and H20 by 3-Dimensional Visualization
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Concerning the thermochemical water-splitting Iodine-Sulfur process, understanding of
solution compositions on 2 liquid phase separation is essential for making good choices of
operating conditions and for accurate estimations of thermal efficiency. The compositions of
4-component system composed of HI, H2SO4, I2 and H20 were examined experimentally and
were analysed by a 3-dimensional visualization technique. A chemical titration method was
adapted to determine the mole fractions of the solutions at 293 K and 363 K, and the fraction
were represented by scattered points in an equilateral tetrahedron. Two valuable features
were found from a visualized shape viewed as an aggregate of the points, which were
difficult to find out by 2-dimensional presentations: (a) a region where the solution exhibited
the phase separation phenomenon; (b) an acid concentration of the one phase, which was
defined as the sum of HI and H2SO4 mole fraction with exception of Iz, was equivalent of that
of the another phase. In addition, the equality of the acid concentrations was derived from a
examination of density data acquired for both the phases, which supported the finding

through this visualization analysis.

Keywords: Hydrogen Production, Thermochemical Process, IS Process, Phase Separation,

Visualization
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Figure Captions

Fig.3.1

Fig.3.2

Fig.3.3
Fig.3.4
Fig.4.1
Fig.4.2
Fig.4.3
Fig.4.4

Fig.4.5
Fig.4.6
Fig.4.7

Fig.4.8
Fig.4.9

Fig.4.10
Fig.4.11

Fig.4.12

Fig.4.13
Fig.4.14
Fig.4.15
Fig.4.16
Fig.4.17
Fig.4.18

Representation of 4-component composition by a point of equilateral tetrahedron
coordinate system.

Transformation from equilateral tetrahedron coordinate system to 3-dimensional
rectangular coordinate system.

Projected plan of Fig.3.2 on x-y plane.

Projected plan of Fig.3.2 on y-z plane.

Three-dimensional view of 4-component (HI/H2SO4/I2/H20) mixtures in Table 4.1.

View point near H20 vertex.

See through view of Fig.4.1 from view point of Fig.4.2.

Three-dimensional view of compositions of 2 liquid phase separation solutions at
293 K.

Partial view of Fig.4.4 near H20 vertex.

Plane of constant iodine concentration in equilateral tetrahedron coordinate system.

Relation between compositions of 2 liquid phase separation solutions and planes of
constant iodine concentration.

Viewing screen of Fig.4.7 from H20-I2-HI plane.

Boundary surface of 2 liquid phase separation region (viewing from H2O-HI-H2SO4
plane).
Viewing screen of Fig.4.9 from H20-I2-HI plane.
Projection of a pair of 2 liquid phase separation solutions from I2 vertex to
H20-HI-H2SO04 plane.
H20-HI-H2S0O4 plane projection view of a pair of 2 liquid phase separation solutions
in Fig 4.1.
Projection view of 2 liquid phase separation solutions at 293 K.
Projection view of literature data [2].
Projection view of 2 liquid phase separation solutions at 363 K.
Densities of HI/H2SO4/I2/H20 solutions under iodine saturation condition [7].
Outline of density measurement experiment.

Mass balance in 2 liquid phase separation.

Table Captions

Table 4.1

An example of results of 2 liquid phase separation test.

Table 4.2 Results of 2 liquid phase separation test at 293 K and 3-dimensional coordinates.
Table 4.3 Results of 2 liquid phase separation test at 363 K.
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Fig.3.1 Representation of 4-component composition by a point of
equilateral tetrahedron coordinate system.
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»
»

Fig.3.2 Transformation from equilateral tetrahedron coordinate system
to 3-dimensional rectangular coordinate system.
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Fig.3.3 Projected plan of Fig.3.2 on x-y plane.
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Fig.3.4 Projected plan of Fig.3.2 on y-z plane.
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preparation 2 liquid phase separation

raw materials

——upper phase

HI __XHZO |
H,SO, X, __——lower phase
12 Xsto4 /insoluble Iz

Z )(H2O+)(HI+)(H2SO4:1

sampling &
density measurement

Fig. 4.17 Outline of density measurement experiment.

XU H20
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R H20 ‘XU H2S04
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XR H2S04 I’lL
(mol) Fn
XL H2S04

Fig. 4.18 Mass balance in 2 liquid phase separation.
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Table 4.1
An example of results of 2 liquid phase separation test.
Mixture Component
HI H,SO, I, H,0 Total
(A) Raw materials 87 87 176 1415 1765
0.049 0.049 0.100 0.802 1.000
(B) H,S0, phase 9 77 4 745 835
0.011 0.092 0.005 0.892 1.000
(C) HIx phase 75 9 113 676 872
0.086 0.010 0.129 0.775 1.000
Differences (D=B+C-A) -3 -1 -59” 6
Raw material solution” 87 87 117 1415 1705

0.051 0.051 0.069 0.830 1.000

Figures in the upper line and in the lower line expressed in mmol and in mole
fraction respectively. a)Pe]t'cipitated I, b)Percipitated I, component was
excluded from raw mterials.
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Table 4.2
Results of 2 liquid phase separation test at 293 K and 3-dimensional coordinates.

Sample Density Composition [mole fraction] 3-dimensional coordinate

No. [g/cm®] HI HyS0, I, H,0 X y z
at 293K

1 Raw* 0.060 0.056 0.081 0.804 0.498 0.302 0.656

H,S0, Phase  1.40 0.013 0.113 0.005 0.870 0.550 0.255 0.711

HIx Phase 2.44 0.100 0.010 0.146 0.744 0.455 0.341 0.608

2 Raw* 0.062 0.067 0.063 0.809 0.502 0.288 0.660

Hy,S0, Phase  1.46 0.023 0.114 0.008 0.856 0.546 0.254 0.699

HIx Phase 2.36 0.103 0.017 0.121 0.759 0.457 0.324 0.620

3 Raw* 0.049 0.050 0.069 0.832 0.500 0.300 0.679

H,SO, Phase 1.35 0.011 0.092 0.005 0.892 0.541 0.262 0.728

HIx Phase 2.31 0.086 0.010 0.129 0.775 0.462 0.336 0.633

4 Raw* 0.080 0.040 0.083 0.796 0.480 0.302 0.650

H,S0, Phase  1.48 0.026 0.105 0.010 0.859 0.540 0.256 0.701

HIx Phase 2.26 0.097 0.021 0.107 0.775 0.462 0.316 0.633

5 Raw* 0.049 0.070 0.076 0.804 0.511 0.298 0.657

HySO, Phase  1.39 0.009 0.120 0.003 0.868 0.556 0.253 0.709

HIx Phase 2.60 0.101 0.006 0.171 0.722 0.453 0.356 0.589

6 Raw* 0.057 0.070 0.073 0.800 0.507 0.294 0.654

H,S0, Phase  1.41 0.014 0.124 0.004 0.857 0.555 0.251 0.700

HIx Phase 2.52 0.106 0.010 0.151 0.733 0.452 0.342 0.598

7 Raw* 0.067 0.038 0.091 0.804 0.486 0.311 0.656

H,SO, Phase  1.38 0.012 0.104 0.005 0.879 0.546 0.258 0.718

HIx Phase 2.37 0.090 0.010 0.128 0.771 0.460 0.334 0.630

8 Raw* 0.078 0.029 0.091 0.803 0.476 0.310 0.655

H,SO, Phase  1.44 0.020 0.098 0.008 0.873 0.539 0.259 0.713

HIx Phase 2.22 0.087 0.017 0.104 0.792 0.465 0.318 0.646

9 Raw* 0.070 0.035 0.071 0.824 0.482 0.299 0.673

H,S0, Phase  1.49 0.029 0.082 0.015 0.874 0.527 0.266 0.713

HIx Phase 2.03 0.075 0.027 0.078 0.820 0.476 0.304 0.669

10 Raw* 0.043 0.045 0.055 0.857 0.501 0.295 0.700

H,SO0, Phase  1.36 0.013 0.078 0.008 0.901 0.532 0.267 0.736

HIx Phase 2.17 0.073 0.013 0.101 0.813 0.470 0.322 0.664

11 Raw* 0.041 0.036 0.045 0.877 0.498 0.292 0.716

Hy,S0, Phase  1.49 0.026 0.051 0.022 0.900 0.513 0.279 0.735

HIx Phase 1.81 0.049 0.028 0.056 0.866 0.490 0.299 0.707

12 Raw* 0.036 0.046 0.040 0.878 0.505 0.288 0.717

H,SO, Phase  1.40 0.018 0.064 0.013 0.905 0.523 0.272 0.739

HIx Phase 1.99 0.061 0.019 0.077 0.842 0.479 0.310 0.688

*Raw describes raw material solution. Precipitated I, component was excluded.
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Table 4.3
Results of 2 liquid phase separation test at 363 K.

Composition [mole fraction]

HI H,SO, I, H,0
Raw material solution* 0.031 0.097 0.268 0.604
H,SO, phase 0.000 0.174 0.000 0.826
HIx phase 0.087 0.003 0.484 0.426

*Precipitated I, component was excluded.
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25 3CHk
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Fig.A.1 Iodine concentration in the poly-hydriodic acid under iodine saturation condition.

Solid lines show regression curves in temperature of experimental data.
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at 293 K

Fig.A.2 Calculation result of iodine saturated face and boundary surface of 2 liquid phase

separation region at 293 K (Fig.4.10).
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