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Analyses on a Declining Performance of PEMFC
with Fuel Containing Impurities
(2nd Report, Characteristic Evaluation of Methanol Reforming Type Fuel Cells)
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This paper covers our investigation into a decline in performance resulting from use of fuel
containing impurities in methanol reforming type FCs. The investigations conducted and their
results are as follows: 1) Various experiments and analyses were conducted to determine the
adverse effects of CO, HCHO, HCOOH, and CH, on the performance of the FC; 2) In the case of
HCHO and HCOOH poisoning, performance became worse when Ru was added to the FC catalytic-
electrode ; 3) The quantities of the partial pressure decline phenomenon of hydrogen gas caused by
mixing CO, and N, gases appeared to be the same ; 4) The progress of poisoning with the reforming
gas was complex ; however, explanation became possible by taking CO poisoning and the influence
of the partial pressure decline phenomenon of hydrogen gas into consideration.
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Fig. 2 FC Characteristic Evaluator (SOKKEN GT100)

Table 1 FC Specifications and Experimental Conditions

Fig. 3 Methanol Reforming Process (STR)

Fig. 4 Methanol Reforming Process (ATR)

Table 2 Estimated Generated Gas (STR)

Item Specifications, Setting
Catalytic electrode Anode: 10cm?, 0.3mg Pt/cm?
(Pt type FC) Cathode: 10cm?, 0.3mg Pt/cm’

or or
Catalytic electrode Anode: 10cm?, 0.3mg Pt/cm?
(Pt-Rutype FC) | Cathode: 10cm? 0.45mg Pt-Ru/cm’

Operating pressure Ibar

Operating temperature 70°C
Fuel 50cm*/min, no-Humid
(Fuel Utilization = 35% at 250mA/cm?)

Air 400cm’/min, Humid
(Air Utilization = 10% at 250mA/cm?)

Flow rate
(Constant)

H,(75%), CO, (24%), CO (0.5~1%),
HCOOCH; (minute quantity),
HCOOH (m.q.), CH;0H (m.q.), etc.

After reforming

(in dry state)

After CO H, (72%), CO, (24%), N; (4%),
réduction CO (50~100ppm), CH,4 (m.q.),
treatment 0,(0.5%), HCOOCH; (m.q.),

(in dry state) HCOOH (m.q.), CH;0H (m.q.), etc.

Table 3 Estimated Generated Gas (ATR)
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After reforming . .
CO (2%), HCHO (minute quantity),
(in dry state) HCOOCH; (m.q.), HCOOH (m.q.),
CH;0H (m.q.), etc.
After CO H, (65%), CO, (24%), N, (11%),
reduction CO (50~100ppm), CH, (m.q.),
0,(0.5%), HCHO (m.q.),
Treatment
HCOOCH; (m.q.), HCOOH (m.q.),
(in dry state) CH,0H (m.q.), etc.
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(b) Using Pt-Ru Catalytic-Electrode
Fig. 5 Concentration dependence of CO Poisoning (70°C, 1bar)
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Fig. 6 Concept of the Analysis (Example: CO Poisoning)
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(b) Using Pt-Ru Catalytic-Electrode
Fig. 7 Concentration dependence of HCHO Poisoning
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Fig. 13 Consideration of FC Performance with
ATR Gas (Pt, 70°C, 0.5V, 1bar)
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