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Introduction
* IGCC with CO, capture and storage (CCS): power from coal without major CO,

Catalyst testing: CO, adsorption/desorption cycling
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* H,-membrane enhanced WGS

e (CO,-membrane enhanced WGS > WGS catalysis at atypical conditions

 (CO,-sorption enhanced WGS D
e Commercial catalysts: Fe,O,/Cr,0,/CuO (HTS1), Fe,O,/Cr,O, (HTS2), noble metal
(NM), and sulphur-tolerant noble metal (NM-S)

Multifunctional WGS reactors

Stability at 400°C, atmospheric pressure. GHSV 30,000 hr-1 (Fe) 70,000 hr' (5%NM in AL,O,)

« (Catalyst stability not significantly effected by regeneration conditions and no

significant deactivation by lower steam content at atmospheric pressure
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WGS intrinsic kinetics over Fe,O_/Cr, O, in presence of H S
 Based on activity and stability in H -membrane and CO_-membrane conditions,

HTS2 selected for kinetics study with 20 ppmv H,S

* Intrinsic kinetic data measured in microreactor system
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enhancement in excess of equilibrium — catalyst faces atypical conditions: for CO, and H, (representing membrane effect) “oos:
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1. H, depletion in H,-membrane reactor, oxidation of Fe O, at extreme recovery + Kinetics agrees well with literature. [3] OO el CO oo 1] 0

2. C depletion in CO,-membrane and sorbent reactors
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3. Purge (CO,) and regeneration (H,O) for sorbent reactor
4. Presence of 20 ppmv of H,S expected in IGCC

Catalyst testing: membrane conditions Conclusion
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Sulphur-tolerant noble metal WGS catalyst may be a suitable alternative to
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Fe-based catalysts.
Stability at 450°C, atmospheric pressure, activity measured at 400°C. Left: no H,S, H,O/CO=1.9. y

Right: H,S, H,0/CO=1.8. Dry feed: 12%CO, 25%CO,, 25%H, in N_; GHSV 30,000 hr" (Fe) 70,000 hr" :
(5%NM in ALO)

Catalyst stability not significantly effected by regeneration conditions and

no significant deactivation by lower steam content at atmospheric pressure.
« HTS2 activity is lowered by H_S, yet less than for HTST .
* NM is very active in clean WGS, but completely poisoned by H,S .

WGS intrinsic kinetics were determined, in line with literature.
Additional tests at elevated pressure required to verify the experimental results
* NM-S retains significant activity with H_S, but is less stable than HTS, at realistic operating pressures.

* All catalysts significantly regain activity upon removal of H,S feed
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