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Motivation

So far, about 280 thermochemical cycles have been

proposed. S. Abanades, P. Charvin, G. Flamant, P. Neveu. Energy 31
(2006) 2805-2822.

The best thermochemical cycles are yet to be discovered

There is a direct analogy between thermochemical cycles
and reaction routes

Theory and enumeration of reaction routes is well
developed

Based on this analogy, a computer code may be developed
to automatically enumerate thermodynamically feasible
thermochemical cycles



Examples of Thermochemical Cycles

2Cu + 2HC1 =2CuCl + H;



Examples of Reaction Routes

\

4 )
y \ _/
) 4 )
J \
H/eterogen



a1
The Algorithm IAWPI

Input: Ideally, a list of species and their Gibbs free
energies of formation

Reaction generation using reaction generators
Enumeration of RRs — thermochemical cycles
Thermodynamic feasibility check

Additional screening

Network Approach



Reaction Routes — Definition (Horiuti-Temkin)
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Milner (1964) — Direct Reaction Routes
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Happell — Sellers (1983) - Direct Overall Reactions

Fishtik and Datta (2000) — Directness from Chemical Thermodynamics




Reaction Route Analysis
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H20+M=MO+H2 \

2HX =X, +H,

M +2HX =MX, + H,
2HY =Y, +H,

2MO =2M + O,

2MO +2X,; =2MX, + O,
2H,0 +2X, =4HX + O,
2NO=2N+0,
MX2=M+X2

H,O + MX, =MO + 2HX
M+ X, + H,O0=MO +2HX
2HX + Y, =2HY + X,
MO +N=M+NO

2H20 = 2H2 + 02 /
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Example -2
System Cu-Cl

CuClHO

100 0] Cu
2 0 0 1|Cu,0
100 1|Cuo
110 0fcucl
1 2 0 olcucl,
0 1 1 0| HCl

020 0|cCl

002 1|H,0

00 20| H,

000 2|0,




Example -2
Reaction Generation

WWPI

N

K Cu +CuO = Cu,O

$7: 2Cu20 4Cu + O,

S3 2Cu0 =2Cu + 0,
C.° ACvi10) = 0C 1.0 4 ().



Example -2
Reaction Screening

K 2Cu



Example - 2
RR Enumeration
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RR1: 2S2 + S5
RRZ: 2S4 + S6



Example - 2
Cycle Screening

RR4: 25, + 56+ 2S;; US-Chlorine

[ 252: 4CuCl + 4HCI1 = 4CUC12 + 2H2 +

(electrochem)
Se: 2Cl, + 2H,0 =4HCI1 + O, +/- 600°C

2s;;:  4CuCl, = 4CuCl + 2Cl, +- 500°C

OR: 2H20 = 2H2 + Oz

RR7: 254+ Sg + 25,
RRs: 25, + 2555 +Sy3

4HCI = 2Cl, + 2H, + (electrochem)

25, 4CuCl + 4HCI = 4CuCl, + 2H, + electrochem 2CuO + 2Cl, =2CuCl; + O, -
2S13: 2CuCly + 2H,0 =2CuO + 4HC1 +/- 700°C 2CuCl; + 2H,0 = 2CuO + 4HCI1 +/- 700°C
S13¢ 2CuO + 2CuCl,; = 4CuCl + O, +/- 300°C

2H20 =2H, + O,
OR: 2H20 = 2H2 + 02

RR: 25, + 55

L scobboscoum, )

Ss: 4CuCl, + 2H,0 = 4CuCl + 4HCI + O, +/.




Example - 2
Cycle Screening

RRy4: 454+ 57+ Sg+ 45, /
8HC1 =4Cl, + 4H, + (electrochem)
4Cu0 =2Cu,0 + 0, +-  1200°C
2Cll20 + 4C12 = 4CllClz + Oz -
4CuCl, + 4H,0 = 4CuO + 8HCI1 +/- 700°C
4H,0 = 4H, + 20, _




Conclusions

The concept of direct reaction routes may be used to
generate thermochemical cycles in a systematic way

The success depends on our ability to generate, select and
screen reactions that proceed quantitatively as written

The network approach may be a useful tool to analyze the
effectiveness of the cycles

A database of reactions producing hydrogen and oxygen
that have been studied experimentally can dramatically
improve the computer search for new thermochemical
cycles



