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» Methane is widely distributed gas around the globe. Also, the volumetric energy density of

gas very low so it is being converted into shippable liquids as benzene.

»The direct conversion of methane into aromatics is simple and cost-effective.
» Methane dehydroaraomatization is endothermic reaction. The strong C-H bond makes, its

direct conversion very challenging.

» A combination of active metal and Si-Al based material makes the conversion better to
some extent. Coal waste material containing 68-75 wt% silicon and aluminum are good

6CH,(g) - C.H.(g) + Einr[g]ﬁG — 433K] mol~%,AH. = 531Kk] mol~2

source of Si-Al which are required for catalyst synthesis.
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Benzene: Industrial routes of formation and MDA industrialization Reactor Setup and Catalyst Synthesis
N U\ J
° Cata |yt i C refo r m i n g —p| Reaction favored by high temp. > 600° C i \i
® TO I u e n e d i S p ro p O rt i O n —  Coke deposition starts at temp. > 300° C E i
Barrier in the | |
: industrialization i !
eSteam cracking of MDA o ~ .
Deposition of huge amount of coke
. Synthesized
° TO I u e n e hyd ro d e a I kyl at I O n é Low selectivity for Benzene Msxs':::m
ﬁ Stirring & drying at Calcination
80°C overnight 800oc,4hrs
. > ) —
[ — xMoO,/CWM
- N )
Catalyst Characterization Catalytic Activity test
N N\l %
” v ‘ " % i = Mg " & @ o 4Mo0,/CWM 5Mo0O,/CWM 6Mo0O,/CWM
0o W P B G M G L C A I GO [ ST — T — T T — T3 N s Tl e o [ [

CWM 24.20 0.46 0.53 1.41 0.87 2.67 0.29 5.53 14.00

Q@ @ e

Intensity (arb. unit)

(%) I Selectivity (%) _

LS I -

= L=
1 L

e

(=3 o
s oS
1 1

i 100 -
)

: £ 90
=

1 S 80

22 50+

100

= o W
[ = — T =]

ion (%) !/ Selectivity (%)

-y
(=]
1

Convers

L5 1]
(=13 (=]
|| L

Cad
=
1

_‘.
-

0

10 4 i 10 [
L—@ o— 10
I } " ’ ' 0 ?d—-_-—-?——. T T T I 0 QI——-'" T T‘. T T T T 0 @— -_0"-_.’
w y ‘ M L] U\' \ 600 650 700 750 800 850 600 650 700 750 800 850 A Rl a -
WJ v I“I W'WJ [ ‘JJWI WY WI gy ,W lW"'U‘m Temperature (°C) Temperature (°C) Temperature (*C)
500 1000 1500 2000 2500 3000 3500 4000 10 15 20 25 30 35 40 100
-1 2 Theta (degree f [
Wavenumber (cm™) (degree) zu.‘ =;::zga Em o0 | L amoo, o 12 4 -gxcgq ;gxm
o 184 [ Moo, /oW I SMe0; /CWM 1 &Moo, /IcwM
100 4 —— 0.0 @ CWM " 80 - DEMOOJ JCWM 10
2.44% L 05 ] |
_ :E? = 144 ) 0 8 -
% \ o 0% g 512* 2 %1 1';; 1
- s o = h
s = — 152 § 45952288 737.77994 % 10 £ 50 o .
: ; 5 S — | ——6Mo0, /cWM ; ‘ : g .
5 L 205§ = S & 3 40
g iy E c ——5 MoO, /CWM A % 4-
6.51% "_ E 257 ‘ = 7 T
7] T;i '.- 30 O 'Lv“"i'mwlw."ldd me""', M«a“,w,-r-“‘tmm e b g‘ e 4 -: 20 T 2 =1
i i A ~ 3000 © 2 10 -
1 —-35 S—— S
88 (degree) > > 0 _‘—‘ 0
= - h - 0 - . . ; ; i
+0 - o0, fCWHM 2 oo ® 3 600 €50 700 750 800 850 N I s T 600 650 700 750 800 850
—— 9 -1 N ~ L=}
£ % ! } Temperature (°C) Temperature (°C) Temperature (°C)
o [T s s
c ! :
1000 — | |
LW T ' T y T y T — y T T y T y
1 / 100 200 300 400 500 600 700 800 900
] M_F.,/.é' oYY T °C
T e @ 200 400 600 800 1000 1200 1400 1600 emperature ( )
04
: : ' Raman Shift (cm™) f \

(1) IR of Mo Precursor (2) XRD of Mo Precursor (3) TGA of CWM (4) XRD of CWM (5) SEM image of MoP (6) BET of 6MoO,/CWM
(7) SEM image of CWM (8) SEM image of 6Mo0O,/CWM (9) Raman of Mo Precursor (10) TEM image of 6Mo0O,/CWM catalyst
(11) TEM image of spent 6MoO,/CWM catalyst (12) TPR of 5Mo00O,/CWM and 6Mo0O,/CWM catalyst
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Results and Conclusion
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» Mo/CWM catalyst prepared using the wetness impregnation method gives

the 8% conversion and 85% benzene selectivity at 1700 ml gth* gas hurly
space velocity (GHSV) & 700°C temperature with 0.3 gm catalyst loading.
»The MDA reaction gives by-products, including carbon monoxide, ethane,
ethylene, propylene, and hydrogen.
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