Synthesis of transition metal molybdates and tungstates and
their reactivity in alkane oxidation
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Introduction Conclusion

o~

Ni-Co molybdates have been reported to show high selectivities for propene in the oxidative % a simple hydrothermal synthesis route to transition metal
dehydrogenation of propane [1, 2]. Furthermore transition metal molybdates of the type molybdates and tungstates is presented here.

(Mn,Co,Ni)MoO, were also investigated in the selective oxidation of propane to acrylic acid and o i T ; ; P
acrolein [3] and in the ODH of isobutane.[4] With the addition of Mn, sodium tungstate, which is % high thermal stabilities, relatively high specific surface

structurally related to the corresponding molybdate, also showed considerable activity in the areas, and partially increased oxygen mobility (QondUded
oxidative coupling of methane [5]. In this work, we have synthesized a series of phase-pure from TPR measurements) of anhydrous synthesized
MMoO, (M = Co, Ni, Mn) catalysts and a corresponding MnWO, catalyst via a simple samples suggest the applicability of hydrothermally

hydrothermal route [6]. Systematic investigations of the synthesized phases were performed by

; oo . ) i mol nd tun I in
means of selective oxidation of propane, ethane and the oxidative coupling of methane. First synthgsaed. O.ybdates.a d tungstates as catalysts
results of this work are presented here. selective oxidation reactions of alkanes and alkenes.

Characterization of molybdates and tungstates

MnMOO4 - system 1 MnMoO, x H,0 T T T o, '7 o, NiWO, (wolframite)-type:
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Q three different phases were prepared ]
in the MnMoO,, system.

Q this phases were formed under
hydrothermal conditions by applying
different Mo and Mn concentrations
as well as different temperatures.
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M

0

Intensity a.u.
101
i
Intensity a.u.
202
Intensity a.u
N
100
10
002

o1

100

- 110/001
—— 021

012

— a1
s

—¢—020/201

*{“ 001
200

(nitrates) in solution lead to higher & !\L 1[ } ‘ 1 N }E}L! bt [ a1l !‘\ o i Y [ | “
autogenous pressure in the autoclave 0121416 18 20 22 24 2 z& 30 323436 38 40 42 44 46 48 50 1012114 16 18 20 22 24 26 28,30 32 34 36 38 40 42 44 48 48 50 14 16 18 20 22 24 26 28 30 32 3« 36 38 40 42 44 46 48 50
0 00 200
vessel. TG * MnMoO,H,0 a-MnMoO, w-MnMoO, Rinfio0, X A0 oTe
TG of (MnMoO,H,0): -MnMoO, Mo-source AHM Na,M00, 2H,0  Na,MoO, 2H,0 r ]
=m =50.9 mg § (PDF: [082-2166]) c [moI/I MO] L 860 1
= temperature program: 011 0.20 0.30 S atnmoo, ‘ s
25°C ->400°C (5°C/min) s . . st 9417
holding at 400°C for 0.5 h £ pH of formed slurry 7’516:_1‘11u8t|ett1.WIth 55 52 gt a0 | 1]
= gas atmosphere: E 3solution) BE i
21% O,in Ar T[°C] 140 190 190 b ‘ ]
(flow: 200ml/min) p [bar] 35 125 12.8 L ]
= formation of a-Mn MOO}l BB 2 %, 35 40 4 Sger [M%9] - 87.2 51 200 250 300 350 400 450 500 55(;:[0[:13:5;0""7‘0&;‘?3 800 850 900 950 1000
SISVERRNERY « MnMoO,-type structure: General Synthes|s r
-MnM
o 00, = approach analog to i
IXRF comp. [at.-%]: M(NO3), x 4H, Na,MO, x 2H,0 / AHM molybdate synthesis.
Mo: 51.7 M = Co, Ni, Mn M =W, Mo X - .
a7 = concentration of W %1
Mn: 47.6 M(NO3), X 4H,0: Na,(Mo/W)O, X 2H,0: §
Ni: 0.4 0,11-0,3 mol/L 0,11-0,3 mol/L corresponds to €
Nb: 0.3 dissolution T=25°C dissolution T=25°C / concentration of Mo in
Q Q, synthesis of a- i
SEM-Images/EDX T T 140-190°C, MnMoO,. .M,
anal SIS at 15kv g g 8-20h' 10 1'5 2‘0 2'5 3'0 3‘5 4‘0 4'5 5‘0 5‘5 60
Mo: 50.7 At.% S S 3,5-13 bar 20
Mn: 49.3At.% W-source Na,WO, -2H,J [,
Mo: 50.4 At.% -— . c[mollw] 0.2
Mn: 49.6 At.% PREMEX autoclave, T[°C) 190 =
. Hastelloy-22 vessel s
Ve 51.6AL9 stirring p [bar] 129 §
n: 51.6At.% ) -
+ prodominantl 30f°r. post-treatment of the product: | Synthesis 20h
prodominantly min - washing (water/ethanol) and | ime
rod-like -drying overnight at 80°C Ager [m?/g] 28.8
particles muffle furnace) 100 200 300 40§am559‘ush£?£m ‘700 800 900 1000
= homogeneous —_———r —
composition 1 CoMoO, ' x H,0 NiMoO4 x H,0

PDF: [015-0439]
CoMoO, " 0.9H,0

[PDF013-0128]

= particle agglo-

meration into clmoliMo] T[C] p [ba] SYMeSS e ‘
plates ocswOo] time |
: \
TPR of ¢-MNMoO, and w-MnMoO: CoMoO, xH,0 0.2 190 12.0 18h § § i |
SN S I NiMoO,H,0 0.2 160 64 8h g : ‘
00004 900s lower temperature of u
" a0 Hz-consumption than 8 o s
S0.0003/ reported in literature rarosest ‘
£ o enhanced oxygen TG Ofl:(l(iOMOOA XH,0): TG| 5 1 15 20 25 30 35 40 45 50 55 5 10 15 20 2 g 35 40 45 S0 55
™ L sm=11.1m 2 i
3_830.0002_ 600 mobility . temperaturg program: H Vs CoMoO, xH,0 . NiMoO, x H,0 946 NiMoO, H,0
£ 500w-MnMoO,; 25°C -> 600°C (5°C/min) & “@ 1
£ : Elz =8 [|¥ B- . 2|
0.0001) - 400" T“Ch hlgther O?Zet holding at 600°C for 0.5 h 8 R ° ‘ - CoMoO,: = CoMoO, x XH,0 ET
emperature of H,- R . 3 H ., X XH,
300 ! gas atmosphere: ooy, q -MnMoO ,- £ ]
0.0000) consumption 21% Oy in Ar LM ¢ structﬁSe4 E ]
200 — f ) . ettt . . ]
30 60 90 120 150 180 => possible catalyst (flow: 100ml/min) 10 15 zo % 30 3, 40 45 50 200 300 400 500 600 700 800 900 1000
t [min] for OCM reactions Raman shift [cm"]
Propane oxidation References
pretreatment: a-MnMoO, [1]Y. -S. Yoon, N. Fujikawa, W. Ueda, Y. Moro-oka, K. -W. Lee; Catalysis Today 24
700°C in synthetic [ scH) [ s(co,) [0 scH) W s 00> (1995), 327-333.
air for 1h 1o, R SCH) HESCH) Lo 1o, I SCH) HESCH) o [2]D. L. Stemn, R. K. Grasselli; Journal of Catalysis 167 (1997), 550-559.

. o ;‘ 3 [3] Fujikawa, N., K. Wakui, et al. (2001); Catalysis Today 71(1-2): 83-88.
catalytic testing: 08 6 08 6 [4] Agafonoy, Y., N. Nekrasov, et al. (2009); Kinetics and Catalysis 50(4): 577-582.
* W/F [ml/gh]: 206 5T 206 5T [5] Z. Gholipour, A. Malekzadeh, R. Hatami, Y. Mortazavi, A. Khodadadi; Journal of

6000 £, 4 £, 4 Natural Gas Chemistry 19 (2010), 35-42.
| fee% }-iof)/%i o 2 o g [6] W. Xiao, J. S. Chen, C. M. Li, R. Xu, X. W. Lou; Chem. Matter. 22 (2010) 746-
3Hg/ O /He 0,2 0,2 754.
« total flow: 1 1
0,0 0 0,0 0

30 min/min 550 570 590 6107 [°C] 550 570 590 610T[°C]




