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ABSTRACT

The Sulfur-lodine (SI) thermochemical hydrogen production process of a closed cycle consists of three
sections, which are so called the Bunsen reaction section, the H,SO4 decomposition section and the HI
decomposition section. To identify the role of oxygen that can be supplied to the Bunsen reaction section
via the H»SO4 decomposition section, Bunsen reactions with a SO,, SO»-O, mixture and SO,-N, mixture
as feed gases were carried out using a stirred reactor in the presence of I,/H,O mixture. As the results, the
amounts of I, unreacted under the feed of mixture gases were higher than those under the feed of SO, gas
only, and the amount of HI produced was relatively decreased. The results of Bunsen reaction using SO»-O,
mixture were similar to those using SO,-N, mixture. It may be concluded that an oxygen in SO»-O, mixture
has a role as a carrier gas like a nitrogen in SO,-N, mixture. The effects of oxygen were decreased with
increasing temperature and decreasing oxygen content in SO,-O, mixture.
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Fig. 1 Schematic diagram of experimental apparatus for the
Bunsen reaction.
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Fig. 2 Effects of reactant gases (SO,, SO,-O, and SO,-N;) on
the amount of I, unreacted in global system after reaction; gas
flow rate 110 mL/min, O/SO, = 0.5/1.0 molar ratio, N»/SO, =
0.5/1.0 molar ratio, reaction time 340 min.
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Fig. 3 Effects of reactants (SO2, SO,-O,, SO»-N>) on the amount
of HI produced in global system after reaction; gas flow rate
110 mL/min, O»/SO, = 0.5/1.0 molar ratio, N»/SO, = 0.5/1.0
molar ratio, reaction time 340 min
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Table 1 Effects of reactant gases (SO, SO,-O, and SO,-N;) on composition in each phase after reaction

H,SO, phase (mol%) HIx phase (mol%)
Temperature Feeding gas
H,SO4 HI H.O I H.SO4 HI H,0 L

SO, only 15.97 1.07 82.95 0.00 7.84 26.27 54.88 11.01

298K* SO,-0, mixture 15.57 1.19 83.25 0.00 5.76 22.35 58.12 13.77
S0»-N; mixture 15.57 1.22 83.21 0.00 5.38 23.08 57.51 14.03

SO, only 15.71 0.90 83.38 0.00 4.69 2245 55.87 16.99

313K° S0,-O, mixture 15.37 1.18 83.45 0.00 3.01 16.62 63.31 17.05
S0»-N; mixture 15.27 1.12 83.62 0.00 2.97 16.68 62.21 18.13

SO, only 15.57 0.73 83.70 0.00 1.05 15.29 59.30 2437

333K° S0,-O, mixture 15.50 0.88 83.61 0.00 0.77 12.88 61.08 25.28
SO,-N; mixture 15.31 0.85 83.83 0.00 1.05 12.26 63.23 23.47

“298K: L/H,O initial molar ratio 3.75/16.00, gas flow rate 110 mL/min, reaction time 340 min,
®313K: L/H,O initial molar ratio 4.00/16.00, gas flow rate 110 mL/min, reaction time 340 min,
“333K: L/H,O initial molar ratio 4.75/16.00, gas flow rate 110 mL/min, reaction time 340 min.
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Fig. 4 Effects of I,/H,O initial molar ratio and reactant gases
(SO2, SO,-0,) on the amount of I, and H,O unreacted in global
system after reaction; gas flow rate 110 mL/min, O,/SO, =
0.5/1.0 molar ratio, reaction time 340 min.

S F olgli Le] & b2t 0250, 0314 2 0353
[e)

7_1
mol&A SO, 71ARE &8ss mWe] 0.194, 0.258

gl H
2 0.293mol .t} gl A o2 wekon oo &3}
o Wg ¥ Wolglt 09 FE U we Ag o
4

Fig. 5= 2 Aol EAsts =¢a& S04 3

05 05
_ 4 v 298K Mixed gas (SO,-O,) Bunsen reaction T
'i' 4 v 298K, SO, gas Bunsen reaction I
n 041 404 ©
£ 0
= 2
I —
£ 03r ——ﬁ\‘\‘?——v {03 8
) W 8
3 vy =
S 5.
!_oﬂ 02} 402 T

»
E 3
z 4 2
o1t Joa 5
a < g
T i

00 ' — L P 00
0.10 0.15 020 025 0.30

I/H,O molar ratio before the reaction [

Fig. 5 Effects of I,/H,O initial molar ratio and reactant gases
(SO3, SO-0,) on molar ratio of impurities in each phase after
reaction; gas flow rate 110 mL/min, O»/SO, = 0.5/1.0 molar
ratio, reaction time 340 min.

282

= v 298K Initial |/H,0=3.7516.00 molar ratio
08l |8 v 333K Initial I/H0=4.7516.00 molar ratio

0.7

0.6 -

A\

03

0.2

01LLY v H

0.0 L L
0.0 0.1 0.2 0.3 04 0.5 0.6
0,/SO, molar ratio for Bunsen reactant [-]

The amount of component in Global system [mol]
A\

Fig. 6 Effects of O»/SO, molar ratio for Bunsen reaction on
the amount of I, unreacted and HI produced in global system
after reaction; gas flow rate 110 mL/min, reaction time 340
min.

HI 1813 HIx 3 H:SO S ZF 739
(HoSO4 & HoSO, 28] 32 HI, Al HI)
H] & e 74°]E]r a2 A3 SO0, TF
E AREE A SO 7IAT AR S “H
> L¢§\E3Ur HSO, 4l &
S 2 YT o] 3 SO O

= N
ox

Moo fo
ue Ao

1:0\'
E N
o, 24

o

1.

o (o
“ g
)

R rfot FLHU _\1

oy
r'O ol

o

W 07k &3t 71 ARA S AE s

A4 TAZ 1849 F Stk F, 3F

U &5 5= O7F 2E2]3 (stripping) '

HI, %l EA18h= HI 2 &5 HSO,

AFEL AFO] H,SO, AFo2 A o] EA| A7)
(e}

EE

=2

o IIZE,
Mo fz lo

11

£ o

3.3 02/S0, & Hl0l WE 3

[=X =]

HoSO, &3] SACA A 98 SAR A
5= S0r-0p EFE 7AW Oy Tl wh&
S F918t7] 918kl 298K} 333K 9] I, 3}
(/IO = 0234 2 0297 & H])olA 0/SO9)
H1E 02~05/1.0% AstA7]0] 24 vhg-S 5 Jﬂ
t}. Fig. 6& 0y/S0; & H]E W3HA71H 24 v
o ﬁz‘sg—a} q__(l Z] ;‘q] H]—_O_ﬁ]oﬂ Z:;Hg]..‘: UJ H[/]
kS UEhd Aotk 1 A3 050, & H7F E7t

N of l‘-{}

olo ;9:" Mo oX of ot

Oml

=4 F AoUXISE =28 M21d H4E 2010 82



_
00

©
— =]
5o o
=T I .VlO
4 >
< >
4=
L2 8 o
BE
55
ggl < 3
©
o 12
BB B
iy s
Q.9 :
< N
I < b 1s
£3 :
£ &
X X
g8 13
> >
< 4
1 1 . 1 . 1 L 1 =
=]

8 8 8 § 8’ °
[%] uonnquysip 104 "0S°H jo abejusdleg

A\

0.€

\X

4 H,SO, phase
v HI phase
A
1
0.5

A
v

04

3.75/16.00 molar ratio
4.75/16.00 molar ratio
1
0.3

0.1

v 298K, Initial | /H,0
v 333K, Initial IZ/HZO

A
I

1 1 =]

N\
8 8 e °

[%] uonnquISIP 10} |H Jo abejUBdIAY

0,/SO, molar ratio for Bunsen reactant [-]

0,/SO, molar ratio for Bunsen reactant [-]

Fig. 8 Variation of HSOy distribution to each phase with differences

Fig. 7 Variation of HI distribution to each phase with differences

on O»/SO, molar ratio for Bunsen reaction after reaction; gas

flow rate 110 mL/min, reaction time 340 min.

on O»/SO, molar ratio for Bunsen reaction after reaction; gas

flow rate 110 mL/min, reaction time 340 min.

ol
)

o
oj
|
e
oj
0®
[§)

!

o

o

=0

o7

)

ﬁo

BK
—_

N

Njo
o}J
0

o
ol

N
. No

;Ot

700
oj
Jo

zel

g
N_.o

M

el
NI
o}J

100

|

e

A0Z e o 7]A

(RSN
ZIA=A o

o g9t A&

-
.

447

050, & H]

O
.

Fig. 77 Fig. 8

=
=

Ll

o
e

&

{

52 &4
Aol HoSO,4

Fol A% HISH HoSOt 7 o

9]

7] 9]

=]
-7

A)

El

2EFo 9

= H:SOE &

3

o uE b Aolt. 2 A3} 4

e
wﬂ@om
= &
EHT%O
ﬁ_nﬁnw:muﬂ
o o)
1l =
g3
oy o W oo
£ Z
Emazow_m
_ T
= o G
PRIy,
™ Mo m- &
fAIIMOO
o 28 =
o X 3
WO
:.L X~ N
of T W g
R0 T W R
wE T
B =5 =
T o =
ﬂaﬂdn.ut
SE
T o

oo
ma%urm_v
oM
kSoMHT
uWﬂAﬂw

T m
Ht%wﬂ_mﬂ
oEoLA
m._ﬂﬁﬂwf
O_\HﬂAo
Nro,urmq
ooy O
i
Mﬂ%H
.
o T m
o o R ORO

oA

oj
e

B

BN

)

el
&
Br
)

o
E

& Eee

3

o] &4

=13
5

421 HoSOy 73 HaSO47F

MHJ
R
<
1
N o
ﬁm ol
noR
N w
=
"R
n AF
= ok
= N
)
il

HI
)2)]-

myl
Ho

e
-
oo
jant

4

o
o

vzl

Ho

)

B
)

o web 0y/S0; & HIe] S7HE 2

ks

283

No. 4

Trans. of the Korean Hydrogen and New Energy Societ(2010. 8), Vol. 21,



9= 0,0 g T Aske] 14 Ao
24 50,0, B 7158 ol B4 WSS
ston Ui e AE2S Ay

2)

3)

4)

U S 2704 SO0 B SO N, &
= 7AE e ER Fushy A S 4
gt A} 0,9 e ] &Hk 7| A Z=A <
AeS drhe AS 9 shko] B4 1A
No7b 241 ¥h3-2] & 2] 540l A= 93
frAbeE A o= UERyith
SOy = SO0 5 7IAE W ERE 3w
ok FA WhE-S nluek Ay} 2 A FEE 9%
Lo 23} 2AA w259 Tk w9
Fo] Aggd A= 09 Y-S Padhe A
o & et
SOy = SO0 3= 71A1E WHeEE 3w
sk B4 dkSoll A 7] I/HO & H] W3l u}
2 7 BEeE 2SS vlas 43 SO, 7
Ak AHES Wi H A BETES 4
Fo} HoSOs Al BES &9 571 Ao
2 Uehytth o] A& s 4 HI Ao 2 3
H 07} ~E & H(stripping) Rl 28] Hl
gl EAlstE HI 2 E5E HSOs dF38
B 3R HoSOy o2 &g o] A Z 7] Wi
ojt},
SO0y 3= 71AE AR A Hk-g-of A]
O/SO; & 17} S7kstel wel vkg-<] |y 3
o] 4 fAasgthE A 9njete] A E
HI®| &2 #Haetdlon vhg= Lo 2 S7t
k= A S UERE Eok vk 57 255
5 1 Qe Fadte AoE UERT

= Jl
B ATE A s AT EAR T o
o7 FZE Aol He7]eio] QFA| el 7+
=gy

284

ro

X

El

1) J. E. Funk, “Thermochemical hydrogen production:
past and present”, Int. J. Hydrogen Energy, Vol.
26, No. 3, 2001, p. 185.

2) J. E. Funk, and R. M. Reinstrom, “Energy require-
ments in the production of hydrogen from water”,
Ind. Eng. Chem. Proc. Des. Develop., Vol. 5,
No. 3, 1966, p. 336.

3) S. Kubo, H. Nakajima, S. Kasahara, S. Higashi,
T. Masaki, H. Abe, and K. Onuki, “A demon-
stration study on a closed cycle hydrogen pro-
duction by the thermochemical water-splitting
iodine-sulfur process”, Nucl. Eng. Des., Vol. 233,
No. 1-3, 2004, p. 347.

4) S. Kubo, S. Kasahara, H. Okuda, and A. Terada,
“A pilot test plan of the thermochemical water-
splitting iodine-sulfur process”, Nucl. Eng. Des.,
Vol. 233, No. 1-3, 2004, p. 355.

5) S. Goldstein, J. M. Borgard, and X. Vitart, “Upper
bound and best estimate of the efficiency of the
iodine sulfur cycle”, Int. J. Hydrogen Energy,
Vol. 30, No. 6, 2005, p. 619.

6) S. Kasahara, G. J. Hwang, H. Nakajima, H. S.
Choi, K. Onuki, and M. Nomura, “Effects of the
process parameters of the IS process on total
thermal efficiency to produce hydrogen from
water”, J. Chem. Eng. Jpn., Vol. 36, No. 7,
2003, p. 887.

7) S. Kasahara, S. Kubo, K. Onuki, and M. Nomura,
“Thermal efficiency evaluation of HI synthesis/
concentration procedures in the thermochemical
water splitting IS process”, Int. J. Hydrogen
Energy, Vol. 29, No. 6, 2004, p. 579.

8) J. H. Norman, G. E. Besenbruch, and D. R.
O’keefe, “Thermochemical water-splitting for hydro-
gen production”, GRI-80/0105, Gas Research
Institute, 1981.

0) ol YA, A5, WYF, WFA,

w718, 3

=2 2 AouXss] =28 M213 M4s 20104 83



3-22C =4 X S 24 e RE0AM 0.2 &g

20E dgsl Fa AR FAAA EA Vol. 19, No. 5, 2008, pp. 386-393.

ST A 2] v, gheea 9 Al x|t 11) o] 33l, 55, AF=, w52, w7, “3-

3] =5, Vol. 19, No. 2, 2008, pp. 111-117. fe= 4 ALkl FAl g FolA
10) o343, gz, B2, wj7], «SI g3}t FAbE Alof?, gharpa 9 Al x] 58] 1=

T Ax AN FA S T A & 3, Vol. 19, No. 6, 2008, pp. 490-497.

g 54, g 2 Aoy Ers] =13,

Trans. of the Korean Hydrogen and New Energy Societ(2010. 8), Vol. 21, No. 4 285




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


