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Thermodynamic Analysis of Solid Electrolyte CO2 Sensor in

Continuous and Discontinuous Flow Systems
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Abstract

Anodic half-reaction in the Na' ionic sensors using NaCOs; and MCO3(M=CszKzLinCa) as a
sensitive membrane is derived in continuous flow system to explain CO: sensing characteristics. For
various gas-sensitive membranes, a well known overall reaction, MCO3 = MO + COy, cannot be applied
for the EMF behaviors of these kinds of sensors. So, the anodic reaction is found to involve NaxCOs
and M'".containing oxide phases by employing the ion exchange reaction at the interface of solid
electrolyte and the sensitive membrane to maintain ionic balance in the whole cell.

Based on the electrode reaction derived in flow system, differences of cell potentials between
continuous and discontinuous flow systems were also discussed, These EMF differences were
considerably caused by the partial pressures of oxygen and CQO: as well as irreversible chemical
reactions between electrode materials and CO» atmosphere.
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AGP = A + BT In(T) + CT, joules/mole (1)
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Table 1. Analytical expression for standard Gibbs
free energy of formation

AGE = A+ BT I(T) + CT , joules/mole
sub- T
stance A B C range
CO» | -392803 | 1.84007 |-15.7078 | 298-1500
NaO | 423450 | -5.16380 [178.3690 | 298-1023.35
NasO, | ~523769 |-18.88760 [356.6160 | 298- 948
NaG | 267298 |-16.94090 (2507820 | 298~ 825

- 1144540 |-27.32620 | 479690 | 298-1100
NaOs| _gooos1 | 390401 | 107197 | 298-1200
LbO | _ga974| 126813 | 207.065 | 298-1000
L0z |-1224080 |-12.39020 | 377.752 | 298- 993
LixCOs | -366229 | -4.16284 | 170525 | 298-1013
K:0 | 507708 |-25.24600 | 406.413 | 298-1000
K., | ~202163 |-21.32840 | 205,065 | 298- 782
Ko, |71161420 |-2179200 | 450332 | 298-1000

347727 | 198818 | 122591 | 208- 763
K2CO3

~526874 [-16.07700 | 364.270 | 298 700
Cs:0 1 294099 |21 49920 | 208139 | 208~ 830
Cs:0s |-1156800 |-20.72380 | 431.775 | 298~ 900
CsO: | -634953 | -1.35758 | 113310 | 298-1100
Cs:COs | -654523 | 0.00000 | 168.071 | 298~ 400
CaO |-1210510 |-12:31830 | 344.380 | 298-1100
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Table 2. The calculated and measured EMF values
for the anode reaction; MCO3; M"
2e + CO2(1000ppm)+1/20,

+

MCOs calculated, volts measured,volts
Cs2C03 -2.5125 -2.3673
KsCO3 -2.4901 -2.3923
LixCOs -2.8549 -2.5863
CaCOz -2.9165 ~2.6103
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anode :

(9D

Na:COs + 1/2Ko0r = 2Na + 2 + CO» + KOy (13B)
Na:COs + LigO = 2Na” + 26 + CO2 + LiOn (13C)
Na:CO; + Ca0 = 2Na~ + 2" + CO2 + Caln (13D)
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Table 3. The calculated and measured EMF values

for various anode reactions for 1000 ppm CO»

anode reaction calculated| measured
volts volts
NasCO3+Cs2045=2Na'+2e +C02+2Cs0: | -2.3527 | -2.3673
Na:C03+1/2K-0:=2Na'+2e +CO»+KO; | -2.3957| -2.3923
Na;C03=2Na'+2e +CO+1/20: -24324| -2.4323
Na:CO3+Li:0=2Na’+2e +CO:+Li:02 -26118| -2.5863
Na;COs+Ca0=2Na'+2e +C0»+Ca0- -26123| -26103
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Table 4. Difference of environments between

continuous and discontinuous flow systems

chemical state upon

measurement

sensing
characteristics

overpotential

steadv state

depend on
0> and CO:

partial pressure

extremely large

| continuous discontinuous
variables system svstem
detection location  |stack flue inside building

at equilibrium

depend on
02 and CO»

partial pressure

very small
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Table 5. Minimum partial pressure of CO: for

measurements of sensing characteristics

reaction minimum CO» partial
pressure
NaxCOs = NaxO + CO» 110 x 10"
LixC0s = LiO + CO» 124 x 107
K:«COs = KO + CO» 307x10°
Cs:03 = Cs:0 + CO 205 x 107
CaCOs = Ca0 + CO2 125 x 10
CO: = 200 + 1/20» (16)
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