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Abstract — This study deals with a process for the recovery of hydrogen isotopes from methane (CQ,) and water (Q,0) con-
taining tritium in the nuclear fusion exhaust gas (Q is Hydrogen, Deuterium, Tritium). Steam Methane Reforming and Water
Gas Shift reactions are used to convert CQ, and Q,O to Q, and the produced Q, is recovered by the subsequent Pd mem-
brane. In this study, one circulation loop consisting of catalytic reactor, Pd membrane, and circulation pump was applied
to recover H components from CH, and H,O, one of CQ, and Q,O. The conversion of CH, and H,O was measured by
varying the catalytic reaction temperature and the circulating flow rate. CH, conversion was 99% or more at the cata-
lytic reaction temperature of 650 °C and the circulating flow rate of 2.0 L/min. H,O conversion was 96% or more at the
catalytic reaction temperature of 375 °C and the circulating flow rate of 1.8 L/min. In addition, the amount of CQ, gen-
erated by Korean Demonstration Fusion Power Plant (K-DEMO) in the future was predicted. Then, the treatment pro-
cess for the CQ, was proposed and HAZOP (hazard and operability) analysis was conducted to identify the risk factors
and operation problems of the process.
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Fig. 1. Conceptual drawing of experimental device.
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Table 1. Test conditions for CH, test
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Fig. 2. Outlet gas composition for CH, test at 600 °C.
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Fig. 3. CH, conversion rate for each circulation flowrate at 500~650 °C
reaction temperature.
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No. Feed gas Catalyst reactor ~ Circulation ﬂow-rate Pd membrane
Composition  Flow-rate (mL/min)  S/C ratio temp. (°C) (mL/min) Temp. (°C) Permeate side pressure (torr)
Test 1 100 3.0 500 500~2000 400 10
Test2 6% CH,, 6% CO, 100 3.0 550 500~2000 400 10
Test 3 88% Ar 100 3.0 600 500~2000 400 10
Test 4 100 3.0 650 500~2000 400 10
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Table 2. Test conditions for H,O test
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Fig. 4. Outlet gas composition for H,O test at 375 °C.
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Fig. 5. H,O conversion rate for each circulation flowrate at 300~400 °C
reaction temperature.
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Table 3. Process condition for CQ, treatment
Stream Number <1> <2> <3> <4> <5> <6> <7> <8> <9> <10> <11>
Name Feedgas Feed gas Feed & Circ. H,Osupply Mixgas Reformgas Bleed gas Circ.gas Ventgas Q,gas Q,gas
Temp. (°C) 25 25 25 25 300 300 25 25 25 25 25
Press. (kPa) 180 210 205 205 200 190 205 205 200 0.1 200
Total 52 52 1022 8 1030 1036 1021 970 51 15 15
Q, - - - - - 15 - - - 15 15
Flow CQ, 3 3 3 - - - - <0.1 - R
rate CO 3 3 3 - - - - - - -
(Pam’s) (O, - - 113 - 113 118 118 113 6 - -
Q0 1 1 1 8 9 - - - - - -
Ar 45 45 902 - 902 902 902 857 45 - -
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Table 4. HAZOP execution report for Node #2
No Deviations Causes Consequences Safeguard Frequency Severity Risk Ranking  Recommendations
1 Valve failure FT 1 2 2 .
2 Pump failure FT 2 2 4 Valve positioner,
1 No flow / Low T T - Glove box, Valve
Low flow 3 Pipe leakage production a > 2 I(;l(;mtter’ 1 4 5 interlocking with
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2 High flow ailure (¢ (?se) Pr@ssure Safety valve
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2 Pump failure . PT 2 2 4 Valcv}‘f POSI‘:‘OH“’
oW - ove box,
3 Low pressure 3 Pipe leakage production l;T, T, gl(t)m:er, 1 4 5 Valve interlocking
ame detecter with sensor
4 BPR failure (open) PT 2 2 2
1 BPR failure (close) PT 1 2 2
4 High P build- Saft \
IR pressure. Pump control failure ressre burie-up FT,PT 1 2 4 alety valve
5 Low temperature 1 Heater failure Low conversion Temp. sensor, 2 2 Analys.ls of
Heater control system Circulation gas
6 Hightemperature 1  Heater control failure Catalyst sintering S Temp. sensor, 3 3

hut-down system

FT: Flow Transmitter, PT: Pressure Transmitter, BPR: Back Pressure Regulator
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