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A Search Program for Closed Thermochemical Cycles

J.W.Kim, K.S. Sim and Y.M. Son

Energy and Environment Research Division, Korea Institute of Energy and
Resources, Taejon

Abstract: A search program which use only free energies of formation has been developed to find new
thermochemical cycles as means of producing hydrogen and oxygen from water. The searching pro-
cedures are described and some closed thermochemical cycles from this program arc presented here.

LM E

i 7|Ee SR HE @8 FI3HY 98
oln, &5 & JUAYLe2A FAEA G AW}
o 2o agge e AL Aoz wa ok @
AzE RE F4aE FMEEE FH 41 U2
U, 2aHoeE 223 dojA o 2 8
e BAHL nstedol a9 o & 9t 209
b g A3t kA 2 u i

19643 v} =22] J.E. Funk$} R.M. Reinstrom(1,
2l olate] AQtE B FspstEdel o vi
Az WL 28 A gy Fad daR
Basts Al (3,000 T o449 o] E8),
olZ PutAlY WSO E o] B} WL 2
oA BaEES g Aot olg@ e} Ispra AT
9] Marchetti[3]o] €5t} HTFH o2 A5
Hxo AAN FastAlo]Ee Mark 19 @&

BA JRen, olF gL Alo|Fe] EEo] 48
sa7s A5 3 glvh[4-10] B9 BaigEoes
= dsista wholgox My, BEH, 12
ARGEH So| don, FYWAAE dFHL AU
th[11-16]. @A Ag=n e AVIEHE F
dEgo] 30% N HE 13, 50% F=
JdELL VU & de I3 4e5 €
2 qrpd 7 S8 FEsgel 2 Aojvh A
712) o|meislel BEME HE FpstAtelEo] A
otg vl glon}, obAlx 4P A E& bench scale
2Zd B 2d e Ho] & AAJY ole FH3}
2 93 A9 M, 8 R Y 22 Tle
= oz x st & ZAF gol 7] "Eolt.
ojutol = A& AAE FF A2, A UL
2o gastatelZ e AHUHE o] F A R
o1 B A BHE 2T £ Atke Hol AH

—23 -



AEY -

g 4 Utk

ukg-Alo] F-& FA g 3o, 37 Ao B
2 0)e] Aol &g 2HE F Jon, we-57 4
T gow A83 g glo] FXN=g9 o2 gl
ug B ol e iy, HAAES o), A
AA2d oz & 7+ whg-zhe] vk 9] 23},
Hgexo) wWE o i 5 st oy o
g7k A7 e M9 d3atge] [1,2] 2
@A olslz e BT Br1Es 384 oL
2 9hg-F 717} o] Foix ol §E oJEHoZ Ve
v} 917) wEo] 4 3vA e Gt B3 Aol
g & na s

2. O|E2% vid % AlO|22 B/

dozog 755 ¥ GEES e 43
2 BEIHE A7l A9 PHo=2E Knoches}
Shubert7} A A% w2} Zo] Mollier diagram&
o] &3+ i [4], Yoshida § [5,6]0] AAIE ul9}
o] AG°—T diagram (Ellingham diagram)& ©]
L£3= Wyo] Aot A=Al Wy 2vA 2o &
7ol & diagrame] E3sA 2 83E17] oy k=
@@ol U7 “1]—“-’—°ﬂ E- 01’?'"“’\']% AG°—T dia
gram$ o] -§-3te] & £ A3 AG®-
diagramoi] 4 &} 7]%7]t dAG°/dT = —-§° ]_
2 29| JEZINHIE HAF AG'E HHE7)
A o Y 7]1°] Hed, AG %+
o & & /AW o] ¥ge we FYP & (Equi-
librium yield) & 7}xt},

744 tee GEE AlojE 2 294 Btg o E &

- 2

3 23L& A9 BT I ol whgao
verd 5 3ok

A +H,0 = AO+H, 1)
A0 -~ A+1/20, (2)
B +H,0 — BH, +1/20, £8)
BH, - B+H, @)

At - S35

9 WA Ak 49 BAHo] B F&ol
o Be A4ste dstdo] e Bhz MU 4
9th. Behigo] me} AHY, AS"E Rehe] Ao A
HAG Aot B @ Lxol u Y
zHe 7HA 29 wge] A2olu Wehe me
3o SEE T, Aoy exg T 2 shu(17].

AGa(T)=AHy°-T-A8,° ( 714 T=Tg)

AGp (T)= AHp°-T- ASp° ( oA 7|A T=Tp)

AH,’, AH", AS,°9] A}o] oA} 298K ol v 3 #74]
& e 2,

AH,° + AHp© = 242 K]J/mol = AH

A8,° +ASp° = 44.4 KJ/mol= AS,,

0'-17‘/“‘ AHW, ASWE HzO(g) - H, + 1/2 0.
(g) el 298Kol| M 2] BEAED 2 JEZT ] W3}
€ 9m gt falo] At Hag d=2 4y,

AS,° =[aH,-(4G,°(Ta) +4Gp(h)) - Th'a8,,]
(Ta-Tp)

A 8p° =[aH,-(AG,*(Ty) +4Gp*(Tp)) - Ty- ASy,]
/(Ta-Tp)

7 2], 7t ihgo] SR APH Aoz 1Y
dted AG,(T,), AG,(T,)& —10kcal /mol (=
—41.8 k] /mol)2 ¥ sd AS = 44 J/mol
w9l o] Fag, ASE 2 B9 SFHUE #
&R o <ttt AR FF9) ASE FrAdHe
BAE B9, &5 ASE RXshE GAE A
204 Y3 e HEAE A3 e A
< &5 Uk

Ag7tA A Espstatol 22 2d A A 8
Aol o277t vl tpFiE] F TN =
AR 22T AT O (E DolM B & e ubs
o] 230%°] oj2x glon, dAEE BH 3~5
A 9] Ale]go] FFE o|F 1 JloH, FHAR
A F& 48 Feg AH& 3 71 78 Boi11].

HE& JECEME 7P AHS HIzd g2 A
o] (HE 204 B<Ql nie} o] &, P4, BL9 &
Molty, Cest 22 IERE AMEE dx BT}

—-24 -



I3rnevix el A 24 A1 3(1990d 129)

(B 1) Aol 7R wE £7(11]

! A
2 A
™ 213(4|5(|6[7]8 ]
FEULE 3]11] 2 16
vlgEitez 1216141311 16
Feo} vl 544 3 113 9 |16 1|11 42
K=
Fe 2 t&g 2161111 11
&3 2%
Feol9) 3t71A}| 9 (22123 ]25]11 90
2&, W%
Feol 8] %712 2124118131 48
2%, 3%
Feols] A7) 2(1]3]1 7
245,035
Al 17154(66169(2914 11 | 230

(F 2) vjE5949 Apgix vw(11]

- b © Al
A
H & £ 213141516718
As 1 8 9
Br 311016 |4 23
C 7117113]5 43
Cl 2113|25|13(3 (1 58
1 1116110 41 7 38
N 16432 16
P 1 1 2
S 111312443 14| 3 108
Se 1)10{3 ]2 14
Te 6 6
A 15(60(91(107|37| 4 | 2 | 316

& 225k go] VIB Soll &350, 717} Abeh 7}
Cheba ek opiel Atsieo] At ulstel 7]
WEol AR Aol2el £BEAZA gol ol g8
o Yoz Y EE A8Yo 2 EAL A
Dol WA o2 AbolZo] AYS] YA ¢

ol A H2E 2= F5(Hg 5oy 22
2 A5 gd9E FAY 2= 94(S, Br, 1
T)E AR w2 UE @ dte ¢ ukgo] A
P+ e A Zole wgos A4y} My
i

3. 7173

gedel  gRsielge  ASEs 3 (hy-
drolysis), 28434, L4 AY 2 +8%
Aol AYHY Fo2 o|FojAn, |R/HL o}
A} 2o} stAch.

1) @922 EAEME 1,100K 74271 ol &%
g oe Y X0y B T2 gy ],
300K A= 7R o] §7Hg stk 718 s o)

2) A=AfodAe] ¥Mslrl —10 o4 10 kcal /
mol o]&to]|H BHEH O Z Alo]F A o] 75
A= _

3) Estdelelrl ¢ A U FEVE BB
FE S AYERZ AA R

4) wrge FRe (F DM o] 11 71A19) ¥
Aol Utz A 3GAAeIE F AYA
e wrEAl Bo] EEHE MR kgl
o, oln) Yojd 4 U= - el 3, 4,5, 8,
9, 11 gto] o] FojA T} 7AA g}, Fwix| A

(F 3 w-33H

aA —eE + {F

aA —eE + fF + gG
aA + bB
aA + bB
aA + bB
aA + bB

aA + bB +cC
. aA+bB +cC
aA+bB +cC —eE+ fF+gG
aA+bB+cC —»eE+ F+gG+ hH
. aA+bB+cC+dD — eE + {F

—eE

—eE + {F

— eE + {fF + gG
—eE + fF + ¢gG + hH
—ecE

- eE + fF

© ® N oA W

=
e

—
—

—26 -



AFY A4 - &9%

< AN HYore] YAFEo] HFEZ FHE
s RS HEE 1, 2 4, 5, 8, 98 HYIIAL
o, A AFL 1~11Y 7R e
ZHA 3 glew, AHA 9 FUA e YA
E& 7M1 A E e dAlolth

4. ALy

ol AT g 713 394 d3letE FRau
<& ¥A37) A% AFHEzzEaRe (O DA
e 9Az nsdn

Fig. 1. Block Diagram of Computer Program.
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Nomenclature 9.

A~ D: Chemical substances for reactants.

E ~ H: Chemical substance for products 10

a~h: Stoichiometric coefficients of chemical
substances A — H.

AGf®: Standard state Gibbs free energy of

formation (kcal/g-mol). 11.
AG°: Change in standard Gibbs free energy
for reaction (kcal/g-mol) 12.
AH°:  Standard state enthalpy change for re-
action.
ASe: Standard state entropy change for 13.
reaction.
T: Absolute temperature ( °K)
t: Temperature Co 14.
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