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[bookmark: _GoBack]A novel protocol is presented for the development of a compact catalytic membrane reactor (CCMR) by impregnating nanosize sulfur tolerant water gas shift (WGS) catalysts into a porous composite layer supported on porous stainless steel (PSS). A submicron palladium (Pd) membrane was deposited on the opposite side of the PSS via Atomic layer deposition (ALD).  Unlike existing catalytic membrane reactors with either packed bed or micro-channel configurations, this CCMR protocol allows for catalyst distribution inside and outside of the porous layer, maximizing WGS reactant contact area, while maximizing hydrogen (H2) permeability by significantly reducing Pd membrane thickness. To prove the feasibility of nanocatalyst incorporation into a porous support, nano-lanthanide oxysulfide (Eu2O2S) particles were synthesized and impregnated into the porous ZrO2 layer of AccuSep® (Pall Inc.), which is supported on PSS and has nominal pore size of 100 nanometers.  To shift reaction thermodynamics toward hydrogen production with maximized H2 permeability, Pd was deposited onto the inner surface of the porous stainless steel support using Pd(hfac)2 and formalin as precursors via ALD. To enhance adhesion between the Pd membrane and the PSS support, an alumina (Al2O3) seed layer was deposited onto PSS.  Preliminary testing of the supported nanocatalysts in a CCMR has shown comparable or better performance and stability for the WGS reaction in both sulfur-free and sulfur-laden (hydrogen sulfide, H2S) environment, compared to commercial WGS catalysts, with the catalyst being fully recoverable from 121 ppm H2S.  It is notable that the CMMR protocol described here is not limited to Eu2O2S for WGS or ALD deposited Pd for hydrogen separation. It can be applied to incorporate various types of nanocatalysts and other ALD-deposited thin films for various gaseous compound generation and separation within one compact device, dramatically intensifying many chemical processes.  
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