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Key kinetic parameters were calculated in the following manner. Conversion (X), yield (Y), 

selectivity (S), weighted hourly space velocity (WHSV), liquid hourly space velocity (LHSV), 

space time yield (STY) and the catalyst to mass rate ratio (W/F) were calculated using the 

following equations. XA = 1-FAout/FAin, where FA is the molar rate for species A (e.g., FAout = 

CAout
 Qout; CAout

 is the measured concentration and is the measured volumetric flowrate). YA = 

FAout/ FTin, where FTin
 =  Fi and i is species. SA = FAout/(FTin- FTout). WHSV was calculated as 

[MWA* FAin]/W, where W is catalyst mass and MW is the molecular weight. LHSV was 

calculated as [Qin*cat]/W and GHSV as [Qgas,in*cat]/W, where cat is the bulk density of the 

catalyst. STY was calculated as FAout cat MWA / W (g/L-catalyst/h).
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Figure SI-1: FTIR analysis of CACM support.
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Figure SI-2: XRD analysis of ACM and Pd/ACM, Pd-Cu, Pd-Fe, and Pd-Ti/CACM catalysts [X-ray 
diffraction (XRD) was performed on a PANalytical X’Pert PRO using a Cu-Ka radiation source (l = 
1.5418 Å) with step size of 0.02° and 2θ range of 15° to 80°].
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Figure SI-3. BJH, t-plot and BET analysis of fresh catalysts. 



Figure SI-4: Effect of reaction temperature on product selectivity (FA, furfuryl alcohol; THFA, tetrahydrofurfuryl 
alcohol; 2MF, 2-methyl furan; 2MTHF, 2-methyl tetrahydrofuran; 5H2P, 5-hydroxy-2-pentanone; CP, cyclopentanone). 
Reaction Condition: P=300 psig , LHSV =1.32 1/h, 5 g of catalyst.
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Figure SI-5: Effect of temperature on product space time yield
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Figure SI-6: Effect of hydrogen pressure on product 
selectivity. Reaction Condition: T=180 °C, LHSV 
=1.32 1/h, 5 g of catalyst.
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Figure SI-7: Effect of pressure on product space time yield.
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Figure SI-8: Effect of temperature (LHSV 1.32 h-1, 300 
psig), pressure (LHSV 1.32 h-1) and LHSV (180C, 300 

psig) on furfural conversion and carbon closure
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Figure SI-9: Effect of LHSV on furfural and product TOF (mol consumed or produced/mole of active Pd/h). P 
= 300 psig, T = 180 °C, 5 g of catalyst.



Figure SI-10: Speculative reaction pathway for 5H2P formation from furfural hydrogenation using 
Pd/TiO2/CACM. M is metal site, BM is a bi-metal (e.g., Pd-Fe), M-A is metal/acid.
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