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GENERAL D ELECTRIC

SPE FUEL CELL TECHNOLOGY PROGRAM

PURPOSE:

To advance the SPE Fuel Cell Technology
in the following target areas:

®  Reduced Fuel Cell Costs
®  Reduced Fuel Cell Weight
® Improved Fuel Cell Efficiency

Increased Systems Compatibility
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GENERAL &B ELECTRIC

A Summary of the 1975 Baseline Cell Configuration is as Follows:

®  Solid Polymer Electrolyte

° duPont's Nafion ®
. 5 Mils Thick

° 35-40% H,y0

° 1200 E.W,

. Platinized

° 4 Grams/Ft* Metal Loading
° 12,5% T-30

. 1/4 Inch Stana Pipe

o 3 Mil Niobium Screen

" Chemplast Wetproofing

———————  D|RECT ENERGY CONVERSION PROCRAMS
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1.0

0.7 =

0.6 =

0.5 =

0.2 j=

0,1 =

0,0

Fuel Cell NT-6-2 (1975 Baseline)

o -

o -

Og /Hp (120°F) R = 0, 0067 Ohm

Op/Hy (165°F) R = 0,0065 Ohm

Air/Ho (165°F) R = 0,007 Ohm
2.5 x Alr Stoich

Og/Hy (25% COy - 10 PPM CO)
1.25 x stoich (165°F) R = 0,0065 Ohm

Og/Hz (25% COs - 0.3 % CO)
1.25 x stoich (165°F) R = 0, 0065 Ohm
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1.0 | T T T 1 1 1 i ] i | | 1
0.9¢=
0.8 ¢=
0.7 r
0.6
é 0.5 =
040 -
0,3 p= -
0.2 = -
0.1p= -l
0,0 i . 1 1 1 ! | 1 ! 1 1 | A
0 1 2 2 “ 5 6 7 9 10 11 12 13 14
Amps
| L 1 [l ! J J
50 100 150 200 250 300
Fuel Cell NT-6-2 (1975 Baseline) Fuel Cell NTAT)-1-1 (6/0 Apnode-10 Mil)
O ~-  Og/Hg (120°F) R = 0. 0067 Ohm b - O2/Hg (120°F) R = 0, 0073 Ohm
& - O2/Hp (165°F) R = 0. 0065 Ohm D - O2/Hg (165°F) R = 0, 008¢ Ohm
O - Air/Hp (165°F) R = 0, 007 Ohm o - Air/Ho (165°F) R = 0, 0108 Ohm
2,5 » Air Stoich 2.5 x Stoich Air

©- Op/Hy 25% COp - 10 PPM CO)
1.25 x Stoich (165°F) R = 0, 0065 Ohm

X - Op/Hg (25% COy - 0.3% CO)
1.25 x Stoich (165°F) R = 0, 0065 Ohm
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L0 == | E— T ! T ' T T T T
0.9 —
0,8 = —
0.7
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0.5 [- -
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0.4 [ —
0. -
' -
0.2 r
|
0- 1 |b —
|
0.0 | I\ I ] | L L L L ) 1 ] ] 4
6 1 2 3 4 5 6 7 5 Y 10 11 12 13
Amps
L | 1 | 1 ¥ |
50 100 150 200 250 300
Fuel Cell NTID-1-1 (6/0 Anode - 10 Mil)
O2/Hz (120°F) R = 0.0093 Obm O, Press. - 37" H20 AP - 17" HpO
02/82 (165°F) R = 0,0089 Ohm Oo Press. - 37" HoO AP - 17" Hp0
Os/Hy (165°F) R = 0,0086 Ohm Oy Press. - 15 Psig AP - 17" HaO
Oy /Hg (165°F) R = 0,0062 Ohm Og Press. - 15 Psig AP - 90" HoO
O, /Hz (165°F) R = 0,0107 Ohm O Press. - 30 Psig AP - 15" H20
Oo/Ho (165°F) R = 0.0068 Ohm O Press. - 30 Psig AP - 90" HyQ
Op/Hg (165°F) R = 0,010 Ohm Oo Press. - 45 Psig AP - 17" HeO
Og/Hy (165°F) R = 0,0068 Ohm O, Press. - 45 Psig AP - 90" HoO
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J B 3 6 7 L] ¥ 10 11 12 e} 1s

O 0 o

o2

100 150 200 250 300

Fuel Cell NT(ID-1-1 (6/0 Anode - 10 Mil)

Air/Hy (165°F) R = 0,0108 Ohm Air Press. - 37" HoO AP - 17" HoO
2,5 x Stoich Atr

Air/Ho (165°F) R = 0,011 Obm Air Press, - 15 Psig AP - 17" Hp0
2,5 x Stoich Alr

Mr/'ﬂz (165°F) R =0,0062 Ohm Afir Press, - 15 Psig AP - 90" Hp0
2.5 x Stoich Aflr

Air/H2 (165°F) R = 0,006 Ohm Air Press, - 45 Psig AP - 90" E,0
2,5 x Stoich Air
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1.0 T
0,8 =
0.8 4=
0.7
0.6 -
0,5 b= —
0.4 -
0.3 P~ -
G,2 = —
0.1 r— =
0.0 t A 1 i 1 [ i H ! 1 1 H Il

0 1 2 3 4 5 6 v 8 - 10 11 12 13 14

Amps
L L 1 1 1 | -
50 100 150 200 250 300

Fuel Cell NT () -1 - 2 (6/0 Anode -10 Mil)

© - Op/H, (165°F) R=0.007 Ohm, O Pressure 15 psig AP-20"H20

O - ©p/Hp (i65°F) R=0. 007 Ohm, Op Pressure 30 psig AP-80"H20
QO - 0g/Hp (165°F) R=0. 007 Chm, O Pressure 45 psig AP-90"H20
A - Og/H, (165°F) R=0. 007 Ohm, O2 Pressure 60 psig AP-20"H20
L. - 02/Ha (165°F) R=0. 007 Ohm, O2 Pressure 75 psig AP-90"H20

D - Op/Hp (165°F) R=0. 007 Obm, Op Pressure 85 psig AP-90"H20
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T i3 I | 1 I i i 1 | 1 E |
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| i 1 1 ] [ 1 | . 1 4 ___ 2] |
2 3 H 6 3 ] 10 1 12 13 14
Amps
1 1 (| 1 1 |
50 100 150 200 250 300

Fuel Cell NT (M-1-2 (6/0 Anode -10 M{l)
© - 0y/Hy (220°F) R=0. 0061 Ohm, Op Pressure 85 psig, AP-90"

O - 0,/H, (2509 R= 0. 0059 Ohm, O, Pressure &5 psig, AP-80"
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I.R. Free Volts

GENERAL &D ELECTRIC

1
6N HpSO4 R.T.

Ha/0y

ASF

I. R. Free Voltage vs. Current Density
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AT \
O Solid Polymer Electrolyte Cell NT-5-6

o b O Pt/Pt 34 mg/cm? 1964 o
X Pt/Pt 35 mg/em2 1975 R = . 034~

Anode - B4C with 0. 2 mg/cm? Pt
O — cathode - Same as Above Cell R = . 056\
| |
0
0 100 200 300




GENERAL €3 ELECTRIC

30 100 150 200 250 300

Fuel Cell NT(M-2-1 (1 mg/cm? Pt Anode)
O - Os/Hg (120°F) R =0.0105 Ohm

Fuel Cell NT(M-2-2 (1 mg/em® Pt - 3 mg/cm” Graphite Lavered Anode)
O - Oz/H, (120°F) R = 0,009 Ohm

Fuel Cell NT@N-2-3 (1 mg/cm® Pt - 3 mg/em? Graphite Mixed Anode)
Q - O2/Hg (120°F) R =0.0115 Ohm
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Lo T T ™7 T p—— T T T T ! T
0-9 p— ﬁ
0.8p= \ 3
0,7 p= -
0.6 -
0,5 pue —
0. 4~ —_—
0.3 =~ -
0.2 = -
0.1pM -
0.0 l. A | 1 ] ! [ 1 | 1 1 | 1

0 1 2 3 4 5 [ 7 -] ] 10 11 12 13 14

Amps
L 1 1 [} 1 1 ]
50 100 150 200 250 300
Fuel Cell NT(I)-2-4 (0,02 mg/cm® Pt Sputtered Anode)

O -DCV Op/Hg (120°F) R = 0.0145 Ohm

® - IR Free Op/H, (120°F)

Fuel NT-6-2 (1975 Baseline
X - IR Free O, /Hy (120°F)
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Volts

1.0
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0.8

0.4
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GENERAL £F ELECTRIC

i I T I \ 1 I L i 1 | |
o —
p— i
— o
— —
— —
_— —
— —
i 1 y | ! L 1 ! L 1 | )|
0 1 2 3 4 5 6 T E Y 10 11 12 13 14
Amps
1 1 - | 1 A1 ]
50 100 150 200 250 300

Fuel Cell NT()-2-5 (0.25 mg/cm? Pt in Anode)

O D.C.V. Og/Hs (120°F) R = 0,0113 Ohm
® IR Free O5/H, (120°F)

Fuel Cell NT-6-2 (1975 Baseline)

% IR Free Og/Hp (120°F)
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O - Air/H, (165°F) R = 0, 007 Ohm D - Air (165°F) R = 0,0062 Ohm
2.5 x Air Stoich 2,5 x Stoich Air (Initial Performance)
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TASK 2,0

GENERAL D ELECTRIC

STACK NT-1 TEST EVALUATION

PURPOSE:

To Conduct a Thorough Performance Analysis On
Single Cell Stack NT-1,

RESULTS:

®  Total Of 353 Load Hours Accumulated

° May Current - 70 Amps (100 ASF)
At 125°F and 2 Psig

Performance 0, 67 Volt

. Two Automatic Shutdowns
(1) Restricted Hydrogen Flow

(2) Contact Resistance Growth

PRESENT STATUS:

Rebuild With Corrective Actions Completed. Restart
Of Test Evaluation Planned For Next Week.
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Coolant Cartridge Assembly
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