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A Study on Poisoning of the Reforming Catalysts on the Position of
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Abstract: The trend of poisoning of reforming catalyst along with the position of anodic catalyst bed was studied. Keeping the conditions that
steam to carbon ratio was 2.5, operating voltage was 0.75 V, current density was 140 mA/cr, the unit cell was operated during 24 hrs at a steady
state. And then the cell was stopped, the catalysts packed in the position of inlet, middle and outlet were sampled individually and then the amount
of carbon, Li and K poisoned were analysed. After 100 hrs operated, the catalysts at the same positions were analysed at the same manner. The
result of this experiment was as followings. After 24 hrs operated, the poisoning amounts of Li and K in the catalyst were 0.27 wt % at inlet, 0.23
wt % at middle and the highest value 1.59 wt % at outlet. After 100 hrs, the amount of poisoning is the highest in the catalyst packed at the inlet
of unit cell. The performance simulation of unit cell explained these trends of poisoning catalysts. The simulation told that the catalyst in the
region of the inlet of unit cell treated the 90% of initial methane flow rate and the highest electrochemical reaction happened in this region. So the
catalysts of this region were the most poisoned with carbon, Li and K and also the rate of poisoning is faster than that of the catalyst at other
regions. The temperature at the region of outlet of unit cell was 30 C higher than that of other regions, so more Li, and K vaporized than at other
regions and little reforming reaction at this region made the catalysts poisoning rate low.
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Table 1. Thickness and Thermal Conductivity of Parts of Fuel
Cell

Thickness Thermal conductivity”
Parts of fuel cell (mm)* (Ih em °K)

Electrode

anode electrode (Ni) 0.8 2808

cathode electrode (NiO) 1 324
Current collector

anode (Ni) 0.22 2808

cathode (SUS-316) 0.21 792
Electrolyte (Li/K(7 -AlQs)) 0.18 72

Catalyst bed 24 2808

*: Experimental data, * : Cited at reference [10,12].

Table 2. Operating Conditions and Data Used for Numerical
Calculation

Operating conditions and data Notation Value

length of electrode (cm)

anode La 5

cathode Le 5
Feed rate (mol/h)

of methane (anode) New, o° 0.0402
of carbon dioxide (cathode) Neo, .° 0.1608
of oxygen (cathode) Ny, .° 0.0804
Total pressure (atm) P 1
Operating potential (V) A% 0.75
Temperature (K)

entering gas (anode) Toma 923
entering gas (anode) Trne 923
Standard potentials vs. NHE (V)

anode Vad -0.828+
cathode Ver! 0401+
Current density (mA/cn) j 140
Effective cell resistance (V + cm”mA) Z 0.0024
Surface area (cm’)

electrode So 25
Thermal convection coefficient
(Jfem' -h - °K)

anode gas/hardware h. 96.59
cathode gas/hardware k. 21.32

* 1 Cited at reference {10].
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Figure 1. The photo of anode part and catalysts after unit cell
operation.

Table 3. The Properties of Fresh Catalyst*

Shape Cylindrical pellet
Size Diameter (mm) 1.24
Length (mm) 1.80

Composition {(wt %) Ni: 2874, Mg: 33.38

Specific BET area (m’/g) 53.88
Specific pore volume (cc/g) 031
Porosity (%) 13.14
Bulk density (g/m) 185 x 107
Average pore radius (A) 113.40
Ni dispersion (%) 2.1

Ni particle size (nm) 52

* . Experimental data.
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Table 4. The Surface Area Change with Calcined Temperature®

Calcined temperature (K) Surface area (m%/g)

0 53.88
350 52.54
400 52.51
450 50.15
500 50.02
650 4845
* ! Experimental data.
5
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Figure 9. Changes of chemisorption surface area of catalyst
depending on the packed position and on the operating time.
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Figure 11. Electrolyte contamination and carbon deposition in
the catalyst depending on the packed position (operating time:
100 hrs).
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Figure 12. Changes of cumulative surface area of catalyst
depending on the packed position (operating time: 24 hrs).
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Figure 13. Changes of pore volume of the catalyst depending
on the packed position (operating time: 24 hrs).
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