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ABSTRACT

Single step methane conversion to value added products is an economical route to exploit
natural gas reservoirs from industrial perspective. Conversion of methane to aromatics in non-
oxidative conditions generally utilizes a bifunctional catalyst having active molybdenum
species supported on zeolite (Mo/HZSM-5). In this reaction, the nature of the active site for
methane on Mo is suggested to be a carbide (or an oxycarbide) and the catalyst is known to
deactivate from carbon deposition over time due to the formation of polyaromatic
hydrocarbons. The evolution of the molybdenum carbide species from the precursor oxide and
oxycarbide forms, dictating the anchoring of the carbide cluster on the zeolite support, is
considered the key aspect in deciding the extent of coke formation on the catalyst. Herein,
density functional theory (DFT) calculations are utilized to study the catalytically active
carbide (MoxCy) clusters in C-H bond activation and C-C coupling reaction to form C»
intermediates. A massively parallel cascade genetic algorithm (cGA) is applied to scan the
potential energy surface (PES) for all possible low-energy structures (including the global
minimum) of MoxCy. Catalytic activity of the global minimum and metastable clusters are
assessed as well as compared for methane activation, highlighting the role of metastable
clusters influencing the overall reaction rates. The mechanistic insights obtained from DFT
calculations thus provides a molecular level engineering approach wherein, the catalyst is
rationally synthesized to obtain desired active sites anchored on the zeolite support. These
active sites are stable and responsible for providing high aromatic selectivity and the overall
reactivity. This is implemented in experiments at three stages; a) this is achieved by obtaining
a higher amount of Mo carbide by tailoring the carburizing agent. Changing the carburizing

condition from pure methane to a mixture of hydrocarbon gases (mimicking the natural gas).



In this reference, we studied the effect of mixture of CoHs, C3Hs, C4Hio, and methane along
with hydrogen on molybdenum carbide formation during the initial carburization step; b)
another strategy to stabilize these primary molybdenum oxide/carbide species over the zeolite
after subsequent thermal and chemical treatment is proposed. It is achieved by thermal
treatment of molybdenum precursors and conversion of orthorhombic a-MoOs3 to metastable
hexagonal h-MoOs3 via hydrothermal topotactic transformation. In this work, the role of Mo
precursor interaction with the zeolite in altering catalyst reactivity is studied; and c) in order to
achieve higher aromatic (benzene) selectivity the bronsted acidity of HZSM-5 zeolite is
moderated by pretreating it with boric acid. Moreover, this novel strategy of controlling the
brensted acidity of HZSM-5 zeolite enhances catalyst stability in MDA by reducing the
agglomeration of active Mo2Cs species and the carbon deposition. Overall, through these
studies, the dissertation provides molecular level insights of the active catalyst sites of the
reaction. Nonetheless, this study provides a guiding tool for rational catalyst design by
specifying the choice of Mo precursor, carburizing conditions and zeolite treatment for
obtaining desired reactivity and product selectivity, with a potential to achieve higher catalyst

stability for MDA process.
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LUK

NN DB ¥ WHfas T & 1SR $I AT & Tehd 9RUl A Y afdfd IATeed A
UREd BT U fh e AT 8 | IR-SileRitsiea Ruferal 7 Hid= o1 Qifeed # Fuiarur
3T AR W frsiidge (Mo/HZSM-5) R Ry fg-wrafars IR Aivg Ifshg MfdssTd
R/dl BT IUGNT BT § | Jg HAT STl § 1 59 Uidifshar |, HifefesTH W #HidT & forg
Tiehd RIT &1 UH(d &) HaES (A1 TH HRHEES) § 3R THT & WY SERS B qde
R UTARARE ERSIHIET & T3 & HRU BT SHd F SER® SR g1 51T |
Tifcres—H F1aES SHU[sf &1 SaTgs 3R HiieEigs & wui J faem, Sefiage g

R BIEISE TR b TR B HUIRd BT 8 RIS AF AT S B IARD W HIb T3

DI T 99 H H AE@YUl Ugd 81 39 ISR, 99 HRTAD RIgid (DFT) TS &
JUIANT C-H e[ 3R C-C T Ufdfehd ¥ ¢, AATd! a1 & [ ISRD Alohd H1aZs
(MoxCy) THg! BT & a1 a1 81 Mo C, Bt v} THIFAd HH-Fo1t wa-elf (af¥ye
AaH Ifea) & forg Tuifad Solf Tdg (PES) &1 Sifg & & ot U Aush FHMIaR
P S SIARID THNNT (cGA) SHAAT [HaT AT § | df¥P YAaH SR Aeread Tig!
DI IARF Tl BT qeuier foran Srar 8 iR I1 &t WA Ifthaur & a1 §, THy
gfafehar 331 & HTTId o3 aTl AeRedd THg! ! HYHHT IR Y11 STe a1 ] | Suwhel
OIS & TS FifAeh! ST 38 YDR Teb MU XR Sol-GRIT EFDI0N UG Bl
g, ForgH fSrenege gud= R ol gifed aftha agel & urd &1 & 1T ISRS &
THETd FU Y A fosar Srar g1 3 Ifoby re¢ WA Tg-aTdhdl 3R JHY
fafsrareiierar vem & & fon fRR iR iR 71 33 & =Roi & yann & anp feear
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T §; &) TE BIERTSONT U118 BT ST b 31T AT H Hifces1H HIass U
BRP YT foha o1 81 Y HIAT A SeROAT R &1 gregiee- 41 & fhsor o
ST (P Ah TG BT Fbd AN | 59 e H, 57 URIIS HIERIZOIRA TRUT & GRM
feesH HTEZS & T3 W SIS & TTY CHe, C3Hs, CaHyo 3R HUT & 3o &
TG &1 31T fobam 81 @) 91 & I 3R IRfe ITER & 9l fSeiidge )R 39
TTHe Hifcies T4 SiaTgs Bz Uil 1 fRR H & g Teh IR UM warfad
21 I8 MRS TH 3IEd $ IW IUER 3R RIS 0-Mo0; B! gEgIuHa Aurefdes
URad- & HIEH ¥ ACRETd gaIRIHd h-MoO; H URafdd $Xeb UIwd fobar oirell 81 39
H T, IARS Ulafbar=iterdl &1 seeq # fsidrse & ar Mfcres 4 g e fosan
B BT T e fohaT T ; a1 M) S WA (Sisi) T dl U 31 &
foTe HzSM-5 TSI3{IeTSe D1 Sikes 3ieral ! diRk® TR & A1y Wide b Fafa faan
STdT 81 39Pb 3AMAT, HZSM-5 TO3iiarse & Sikes 3Ridl &l (afEd o7 &t I8 s
U AT Mo,Cs 3MU[31 & TG 3R HIa STHTG Pl HH BB MDA H IAR® R
&I FeTd & | Hd DR, 3 LTI &b ATeH W, Y Yay Ufafohar & Aford IARS el
P AUID TR P Y U HRdl gl T8Ield, T8 JTIT MDA Ufshar & o 3=
ISP FRURAT UTd B34 Dt &A1 P 1Y, Fifedd UfafhaT=ierdT 3R IdTE TG T UTtd
HRA & fore HiferssH Srigq, HravTsion Rufadl sik frefidge TR &1 wiig &1 fAfdy

PP dHIUTTd ISRD [Sulg & ol U AR IUHRUI UeH BT 5 |
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