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ABSTRACT

The operation results of the 2kW class plate type reformer, which has several
advantages compared with the tubular bumer type reformer, are analyzed. This plate type
reformer is composed of six combustion chambers and five reforming chambers by turns. The
methane conversion rate at 1.6 absolute pressure is about 84%, which is reasonably similar to
theoretical value, 85.3%. Though the abrupt interruption was made just by the carbon
deposition during heating the fuel line to combustion chambers around 200 hours operation, the
overall steady state operation is more than 450 hours. These operation results show the
verification of long run performance and the possibility of direct connection between plate
reformer and fuel cell stack.

FRIIGE0 : Plate type reformer(§ %3 2] £ ), Combustion chamber(d 4 41), Reforming
chamber(7}] A A1), Conversion rate(d & &)
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Fig. 1. 2kW MCFC system Flow diagram.
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Table 1. Heat capacity constants, AH® & AG® of the elements involved in reforming
& CO shift reaction.

elements A B x10° C x10° | D x10° | H® (J/mol) | G° (J/mol)
CH. 1.702 9.081 -2.164 - ~74,520 -50,460
H:0 3470 1.450 - 0.121 -241,818 -228,572
CO 3.376 0.557 - -0.031 -110,525 -137,169
COz 5.457 1.045 - -1.157 -393,509 -394,359
H: 3.249 0422 - 0.083 0 0
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Table 2. Sum of Cp constants & AH®, AG® in reaction (1) or (2)

reaction AA AB x10° AC x10° | aD x10° | aH® (J/mol) | &G® (J/mol)
(1) 7.951 -8.71 2.164 0.097 205,813 141,863
(2) 1.86 -0.54 0 ~1.164 ~-41,166 ~-28,618
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Table 3. Gas composition in the reaction (4)
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Table 5. Theoretical gas composition of reformed gas at latm (injection of NG 7.6 £ /min)

Temp .
Gas % 600 T 625 C

650 C

6552 C 675 T 700 C 725 C

CH,y (#/min, mol%) || 1.8 |63 1.1 |37 07

21| 06 (18| 04 [11] 02 {06 01 |03

CO (#/min, mol%) | 21 {98] 28 {90 34

105] 35 {107| 38 [116] 41 [125] 44 (133

H, (£/min, mol%) | 21.2 {730 231 |75.2| 244 {762 246 |764| 251 |768| 255 |77.0| 256 {771

CO; (£/min, mol%) j 3.7 |109{ 3.7 |120{ 36 |11.2| 36 |11.0} 34 [105] 33 [99| 31 |93
CHy H8& % 766 8.1 91.2 92.2 %2 974 986
CO Hg& % 63.7 57.1 51.7 50.7 474 44.1 41.3

Table 6. Theoretical gas composition of reformed gas at 1.6 atm (injection of NG 7.6 .¢ /min)
Temo Vg0t |65C | 680 C |682¢T| 65T | 00 C | 725 C

Gas %

CHs (£/min, mol%) | 26 (99119 (65| 1.2

41111 (3710824041402 07

CO (£ /min, mol%) | 16 | 6.1 | 22| 78 | 29

95130 198] 35 (11.0] 39 |12.1] 43 | 130

Ho (#/min, mol%) §185{70.9|20.8|73.2|22.6|74.8]|2291751{23.9|759|24.7|765| 252 76.8
CO, (£ /min, mol%) || 3.4 [132| 35 [124} 35 116} 35 {11.4] 34 |108]| 3.2 [100] 3.1 | 94
CH, oonversion % 66.0 5.6 83.8 85.3 90.0 94.2 96.8
CO conversion % 68.5 61.3 54.8 53.6 495 453 420
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Table 7. Operation results of plate type reformer

Operation time 71 hr | 137 hr| 161 hr|185 hr {327 hr|375 hr |39 hr|420 hr| 447 hr
NGrate (£/min) | 75 | 76 | 76 | 76 | 76 | 76 | 76 | 75 | 76
R | HO rate (ccimin) | 17 17 17 17 17 17 17 17 17
¢ | Top ave. temp (T) | 6919 | 6643 | 664.4 | 6450 | 685.3 | 6627 | 6562 | 6695 | 6459
© | Mid avg temp (C) | 7083 | 6751 | 6729 | 6704 | 6930 | 6478 | 6231 | 6371 | 6623
m | Low avg temp(C) | 6927 | 667.1 | 6676 | 6702 | 698 | 6961 | 6864 | 6705 | 6259
n | Total avg temp(C) || 6976 | 6688 | 6683 | 6619 | 6914 | 6689 | 6652 | 6050.0 | 644.7
E AT of max & min | 747 | 756 | 751 | 736 | 674 | 1201 | 1255 | 1356 | 517
% outlet Hy (mol%) | 757 | 747 | 738 | 747 | 759 | 852 | B0 | B2 | 717
2 1 outlet CO (mol%) | 90 | 78 | 84 | 76 | 99 | 106 | 103 | 75 | 119
g outlet CH; (mol%) | 32 | 44 | 55 | 45 | 26 | 29 | 40 | 44 7
r | outlet CO: (mol%) | 120 | 151 | 123 | 131 | 115 | 113 | 107 | 129 | 81
CHy conversion (%) | 868 | 839 | 790 | 821 | 892 | 883 | &40 | 823 | 741
c | NGrate (¢/min) | 47 | 50 | 50 | 50 | 62 | 59 | 56 | 56 | 56
O | Airrate (£/min) | 102 | 102 | 102 | 102 | 103 | 103 | 103 | 103 | 103
3 Top avg. temp (C) | 6883 | 6623 | 6629 | 656.1 | 691.8 | 6722 | 6654 | 6792 | 6485
5| Mid avg temp (C) | 7476 | 7154 | 7136 | 7072 | 7637 | 7563 | 7368 | 7444 | 6784
i | Low avg temp(C) | 6696 | 6448 | 645.1 | 6392 | 6796 | 6775 | 6600 | 6463 | 59.7
o | Total avg temp(*C) | 7018 | 674.2 | 6739 | 6675 | 711.7 | 7020 | 687.4 | 6900 | 6422
¢ |AT of max & min | 1178 [ 1064 [ 1041 | 1046 {1337 | 1333 | 1210 | 1527 | 1184
h | outlet Ox (mol%) | 129 | 139 | 136 | 137 | 119 | 120 | 130 | 121 | 129
2| outlet N; (mol%) | 793 | 790 | 793 | 792 | 80.1 | 801 | 799 | 802 | 802
g outlet CHy (mol%) | 07 | 09 | 09 | 08 | 1.0 | 09 | 09 | 09 | 07
T | outlet CO» (mol%) | 7.1 | 65 | 62 | 62 | 70 | 71 | 62 | 68 | 62
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