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#£222 1000t/HOEENZE D7 E7 752 MBI 24 L HE

Composition, mol % Cryogenic  Membrane
Hydrogen 64.5 84.5
Nitrogen 21.5 215
Argon 4.1 4.4
Methane 7.9 7.8
Ammonia 2.0 2.0
Temperature, °C -20 -20
Pressure, bar 140 140
Flowrate, Nm¥hr 7,888 8,300
Hydrogen recovery, 9 - 94 94
Recycle at low pressure, Nm¥hr 0 2,481
Recycle at high pressure, Nmhr 5,435 2,914

1,000 tons/day.

#223 PMEREEDS DA 7 H DRI X Z/KE UL

: Feed gas, Hydrogen produet, Fuel,
Component motl % ) mol % mol %
Ha, 73.91 95.24 14,16
(o 12,87 4.78 34.48
G, 6.78 - 25.79
Cs 371 - 14.09
C. 1.83 - 6.98
Cs 0.48 - 1.85
Co+ 0.7% - 2.67
Flow rate Nm/hr 58,335 41,520 14,815
Temperature, °C. 38.5 (normaf) 3 35
Utifitles consumption—membrane process
Powaer, Cooling weter, Steam,
kw cu m/hr kg/hr
Treat-gas comprassion 3,904 336 -
Make-up. gas compression 4,258 386 -
Feed-gas Preheating - 2,890
Totais 8,162 702 2,890
Utllities consumptien—ecryogenic process
Power, Cooling water, Steam,
kw ’ cu m/hr kg/hr
Treat gas compression 3,904 336 -
Make-up gas compression 1,966 189 -
Feed-gas preheating - - -
Regeneration-gas heating 200 - -
Regeneration-gas cooling - 18 -
Totals 6,070 523 -
#24.1
Operating conditions at cach stream (stream 1Ds are shown i Fig. 5)
Stream {ID) Flow tatc Temperatare (°C) Pressure (atm) Compasition (vol. %)
' ) McOH  H,O H, co, CoO 0, N,
Feed (1) 4Soc/min 155 10 64 36
Pure H, (2) 33 Mi/mia 300 1 100 .
Blecd 3) 33 Ni/min 300 1 2 19 37 36 6
Aic (9 125 NI/ min 25 1 21 ;)
-Exhaust (5) 43 N\ /mia 30 R | N 7 13 12 68

Fig.5. Schematic diagram of unit module test station

*}\L
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#£251 [A-21]
Summary of CVD coaditicas . .
Metal Soblimation ~ Deposition CVD rate CVD time Thickness Sy e, ) Hest of adsorption
semp. (K) emp. () (umbhH W (perm) _(Dmot)
Rhodium 4 513 124 4 113 80 17
Iridium 483 513 1.04 8 83 93 109
Paltadium® 433 543 0.13 24 313 240. "7
Ruthenium® 41 543 024 14 3.2 120 18
Platinum® 47 493 0.29 20 5.8 210 109
* [deal permsclectivify for Hy over Nz at 713K o '
® Quoted from [A-9)
#£25.2 [A-20]
Effects of CVD and clectroless-plating membranes on steam reforming of methane®
Membrane Permeance Selectivity Hy/N;  CHa conversion (%)  Permeated dry-gas
(molm~2s~tam™) compoasition (vol.%)
H; co COr CHy
CvD : ,
Pd 0.35 13.0 70.8 95.4 04 3.9 03
Ru 030 65 410 857 14 123 0§
Pt 033 280 834 99.0 0.3 0.3 04
Electeoless-plating 035 oo 86.4 100 0 0 0
Pd (8 p.m) -

Lo

"I'empetamm 773!(, pmssﬁre. L atm; catalyst weight, 0.7 g; mhamefbedmt:. 2561‘113 (STP) per min; HyO/CH, ut:o, .






