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Abstract— The effects of methanol crossover on the performance of DMFC were analyzed by using real-time analysis.
Methanol and methylformate were mainly found as crossover products from the electrochemical conversion of methanol.
With the increase of operating temperature and pressure, the crossover rate inversely decreased. As the crossover rate was
decreased, the unit cell performance simultaneously increased. Maximum unit-cell current density (120 mA/cm” at 0.295 V)
was obtained at 1.8 ml/min of feed flow rate and 2 kgf/cm’® of pressure difference between cathode and anode.
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Fig. 1. Process flow diagram for the preparation of the experimen-
tal electrode.
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Fig. 2. Schematic view of the proton exchange membrane direct meth-

anol fuel cell assembly.
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Fig. 3. Experimental procedure of cell performance and crossover test.
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Fig. 4. Schematic diagram of fuel cell test station.
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Fig. 5. Analysis of crossovered products in DMFC.
(a) Gas chromatogram of crossovered products(Injection temp. :
200 °C, Oven temp. : 125 °C, Column : Chromosorb 107). (b) Mass
spectrum of crossovered products.
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Fig. 6. Rate of crossover with varying the cell assembly(M, A&M,
C&M) at operating temperature 60 °C.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel : 6 M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant : O, at 300 ml/min.
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Fig. 7. Effect of cell temperature on rate of crossover and O.C.V(vol-
tage) at atmospheric pressure.
Membrane : Nafion 117, anode :20 %Pt-Ru, fuel:6M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant : O, at 300 ml/min.
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Fig. 8. Effect of cell temperature on the cell voltage and current
density at operating pressure 2 kgf/cm’.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel:6 M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant : O, at 300 ml/min.
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Fig. 9. Effect of O, pressure on rate of crossover at operating tem-
perature 80 °C.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel: 6 M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant : O, at 300 ml/min.
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Fig. 10. Effect of O, pressure on the cell voltage and current density
at operating temperature 80 °C.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel:6 M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant : O, at 300 ml/min.
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Fig. 11. Rate of crossover with varying feed flow rate at operating
temperature 110 °C.
Membrane: Nafion 117, anode : 20 %Pt-Ru, fuel:6M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant: O, at 300 ml/min,
2 kgf/cm’.
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Fig. 12. Effect of feed flow rate on the cell voltage and current den-
sity at operating temperatuare 110 °C.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel:6M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant: O, at 300 ml/min,
2 kgf/em’.
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Fig. 13. Rate of crossover vs. current density plot at operating tem-
perature 100 °C.
Membrane : Nafion 117, anode : 20 %Pt-Ru, fuel:6M methanol at
1.8 ml/min, cathode : 20 %Pt/C, and oxidant: O, at 300 ml/min,
2 kgf/em’.
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3-5. Crossover {0 Lt M7 Ao A&k

Fig. 123= 2¢] AA] £3 2%+] wdlel] w2 wjek-2-9] crossover
EAS XTEY Aot} whe AL 6M WEkE T T (A8 §<5:
1.8 mi/min, E7|5 %% 1300 ml/min, 2 kgflcm’)o] 5. HhE 2% 100 °C
ol A} <t9] AR} AJg5} &h-2 crossoverd] A BAE HdFA A
Al crossoveri= WEr-E-3) Wi Z 2vjo)E ofe] gto g %l o)
Aol = F092] FA A crossover® = A FI-g 744 A7 o)) u}
o} BT Eao] ot &% Aol AATE & 4 918lc)
(10,11). &3 Ak Frhe 44 AW(O05-03 V)l &= Z71e}
F7152) 9 Aol e 28 WF2) 2742 A4 o] B9
£ Fig. 73} 9ol &g = 9Jgdt}. & ollgh-9] crossoverE 744x4]
A 29A¢E 27171 0] DMFC 249 A g4k}
AR ettt WA AR L E 277 e} e
8 smTulel &% A st AuIEH F7155) A9}l
Sfete] ARFHAN F71FE02 o] FoRe a0l el I elec-
tro-osmotic drag®] <33k 2 w|€k-2-9] crossover’} Z7}EE Ao
Agksle] glong kel Fruje}l a0)Lol thet electro-

E=tE8 H37A A1E 19994 28

A4 - A5 - HAE
osmotic dragel 2]3] wgk-go] FibHA] UxE I Tz /A
3= 7o) crossoverE 34l 4 9lvkal ALEETH18, 19].

4. A

=2

[

(1) v &k2-2] crossover YA E-E4 Wt} vz 2o EV} &
A= e X2 d|o] E= crossoverd w|gR&o] F7|FFolA] F
& AtspibgE| o] §A5lo] YAt

(2) W=-E9] crossover 7} FFAESFE A Aol EE
& 4 Ao, 2xel 3HE S F7HAFe] wRhE crossover £ = 7}
Zuoll E-gHolgle}

(3) 29 ARE A8F 441 1.8 mlmin, £7]F -F-2 1300 ml/min,
2kgflem’ol| A AFU T} 120mA/em’ 2 o) 52 Bt}

%0

rqk

k]
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