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From Clean to Green Hydrogen
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Table CH,-O,-H,0 reaction on various oxides supported Ni
catalyst at 773 K.

Conversion/% Yield /% H, formation

CH, o, co, co [¢] rate
pmol/min

Ni/SiO, 60.2 100 508 23 7.1 12989

Ni/Si02* 569 100 469 24 76 12108
Ni/SiO-MnO, 543 100 444 24 75 12257
NiTiO, 434 100 266 25 143 11750
Ni/MnO, 423 100 224 36 163 11381
Ni/SiO,-ZrO, 375 100 213 2.8 134 12057
Ni/lNb,Os 305 100 152 25 128 10284
Ni/SiO,-Al,0; 276 100 113 46 117 5718
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Fig. Effects of contact time on the product distribution on Ni/SiO,

catalyst.(CH:0,:H,0:N,=18:5.5:22.5:9)
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Temperature dependence of Ni/SiO,

Comparison with Auto Thermal Reforming

Fig. Temperature dependence of H2 permeation rate of the examined membrane
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Fig. Effects of Pd-Ag membrane thickness on CH, conversion and H, formation rate.
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CH,-H,0-0, reaction on the membrane reactor using 15Ni85V
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Fig. Temperature dependence of CH,-O,-H,0 by using 15Ni85V membrane.

Effects of membrane on CH,-H,0-0, reaction
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Effects of additives on the H, formation rate Ni-PUSiO, for CH,-0,-H,0 catalyst
Table Effects of additives on the CH,-0,-H,O reaction at 400°C. Excess Pt only improved H, oxidation
Catalyst CH,Conv. O, Conv. CO, Cco C H,formation 40| T T T T T 340
(%) (%) (%) (%) (%) (_mol/min) Temp : 300°C., Pd - Agmembrane : 50 m
Ni/SiO 44.5 50.1 36.1 45 39 742.8
Ni-PY/SiO 45.6 50.8 376 4.2 3.6 758.1 — . 1320
Ni-Pd/SiO ; 453 497 374 43 36 752.1 Q30 " E
Ni-Rw/SiO , 41.3 46.5 334 4.2 3.7 711.5 % 3
Ni-Fe/SiO , 38.6 43.8 31.2 4.6 2.8 705.7 = 7300 E
Ni-Ir/SiO 38.2 434 29.9 43 4.0 694.7 g’ 200 E
Ni-Rb/SiO » 36.3 41.2 28.6 4.1 3.6 683.5 e E— g £
Ni-Co/SiO » 357 406 275 42 38 667.9 H N 1% §
Ni-Cuw/SiO 35.2 39.8 27.2 4.1 39 661.2 5 co, i E
Fe-Pd/SiO 21.9 25.7 184 14 21 327.6 107 A—’“l\‘ ] k
Fe-Co/SiO, 18.7 216 153 13 22 276.4 x><'"‘c —X——X =
Ni/SiO ;(High BET area)  43.5 474 355 44 36 724.7 oo CO, .c o
Ni/ZSM-5 24.6 29.8 184 23 3.9 352.8 0 L L L L ! 240
Ni-Pt-Fe/SiO2 39.8 443 333 4.1 24 709.5 0 10 20 30 40
Pt amount /wt%
Additives : 10wt%, Cataly . 5g Pd-A brane : 50 m Fig. CH, conversion and H, formation rate as a function of Pt amount.
" 2
Effects of Support Oxide on CH,-0,-H,0 CH,-0,-H,0 on NI-PtICe0, catalyst
High H, formation rate is achieved
1001 by using Ni-Pt/CeO, and membrane = 1600
Table effects of support oxide on CH,-0,-H,0 reaction at 400°C. 901 foacir. : 41400 =
2 gof E
Catalyst ~ CH, Conv. O,Conv. (g, co C H, formation = <1200 3
(%) (%) (%) (%) (%) ( mol/min) g 70 S cn i 8
Ni/CeO, 46.1 517 374 44 4.3 762.4 < 60r 4 1000 —
Ni/SiO , 445 501 361 45 3.9 742.8 £ sor = * 1800 £
Ni/Ce0,-Zr0; 442 493 359 43 40 710.3 £ ook <o 1.
Ni/SiO ,(High BET area) 43.5 472 355 4.4 3.6 724.8 g a2 600 =
Ni/Ce0;-Ga 105 4238 458 349 40 39 7215 C 30 A Jaos 2
Ni/ZSM-5 24.6 27.6 18.4 23 39 352.8 201 ¢ CO v =
Pd-Ag membrane : 50 m {1 g o ¥ . v c 200
00— % g L 2 : i 0
300 350 400 450 500 550 600
Temperature /°C
Fig. Temperature dependence of CH,-O,-H,0 on Ni-Pt/CeO2 in the membrane
reactor using Pd-Ag membrane (50 m thickness, W/F=16.58 g-cat*h/mol).
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Expected system for PEMFC
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