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Abstract : In this review we discussed the effective ways to catalytically derive value-added chemicals from
propane which has been utilized only as an energy source so far. Among various propane-derived products, the
most valuable chemicals such as propylene and acrylonitrile were mainly focused herein. Propylene could be
manufactured through oxidative dehydrogenation of propane using O,, CO,, etc. as an oxidant for the purpose
of overcoming thermodynamic limitations of propane dehydrogenation. On the other hand, propane
ammoxidation would be an alternative to propylene ammoxidation for producing acrylonitrile since propane is
much cheaper than propylene as a starting material. Although effective MoVTeNbOx catalysts have been
developed for propane ammoxidation in recent years, more detailed studies should be thoroughly performed.
In carrying out both oxidative dehydrogenation and ammoxidation of propane for a long period, the most
critical issue is definitely considered to find out the most active and selective catalysts, which makes it possible
to commercialize both reactions into economically viable processes.
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Figure 1. The propane consumption capacity in Korea[2].
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Figure 3. The proposed reaction pathways for propane oxidation[8,9].
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Table 1. Catalytic performance for ODHP reported in the literature

Temp. Conv.' Selec.” Ref

Temp. Conv.' Selec.” Ref

€O Catalyst (%) (%) ) Catalyst (%) (%)
V-MCM-41 30.9 45.7 [30] 550 MoO;/K-Si0,-TiO, 61 50 [40]
650 Mg/Dy/Li/Cl/O 59.8 45.7 [31] 530 Ce/O/F 42 81 [7,26]
%nglzy_/i_Lé/sz? 60 79 31] 520 V/sg.)iol.ite 12 55 [7,261
= = 510 V/silicalite 42 66 [7,26]
630 Mg;V,0s 8 60 [7,26] B/P/O 12 62 [7,26]
V-SBA-15 41.7 57 [32] V/Mg/Ga/Mo/O 15.7 57.4 [41]
600 Mn/Mo/O 20 50 [33] V/Mg/Ga/O 16.5 51 [41]
hff?éﬁg/§¥? 30 8 [34] V/Mg/O 24 57.5 [42]
530 VAPOS 32 53 [7,26] 500 V/Sb/O 34 13 [43]
v/ 2 18 [7.26] V-HMS 30 45 [44]
570 V/Mg/O 62 35 [7,26] SmVO4 33.8 27.6 [45]
Ni/Mo/O 20 63 [7,26] V,0;5-Ti0»-Si0; 33 50 [46]
V-MCM-41 14.8 60.9 [35] 470 Sn/P/Sb/O 41 67 [7,26]
V,05-8i0; 30 50 [30] V,05-Ga,0; 30 20 [47]
V/Nb/O 19.4 47.4 [36] 450 V/Mg/O 33 25 [47]
4.2V-MCF 40.8 68.5 [37] SmVO;, 23 37 [48]
>>0 4.5V-MCF 242 553 [37] V/NJ/O 8 2 [7.26]
V-SBA-15 26.2 65.4 [37] 400 V/Ti/O 41 20 [7,26]
V,05-8i0; 12.7 57.1 [37] V/A/O 25 38 [7,26]
MoO;/SmVOy 35.2 37.3 [38] 390 V/Nb/O 8 12 [7,26]
MoO5(C)-SiO,/TiO, 58 43 39] 370 La/P/O 22 22 [7,26]

' Conversion of propane.
9 .. R
Selectivity to acrylonitrile.
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2.2. Propane—to—Acrylonitrile Conversion
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Table 2. Heat of reactions related to propylene ammoxidation[10]

Reaction AH (kJ mol™?)
CH,=CHCH;+NH;+3/20, - CH,CHCN+3H,0 =515
2/3CsHs+NH;+ O, — CH;CN+2H,0 -326
1/3CsHg+NH;+O, — HCN+2H,0 314
1/3C,He+3/20, — CO,+H,0 -640
1/3CsHs+0; d CO+H,0 -358
CsHs+ 0> — CH,=CHCHO+H,0 -353
2/3C;Hgs+1/20, — CH;CHO -180
CsHe+NH;+0, — CH;CH,CN+2H,0 412
C;He+1/20; - CH3;COCH; 237
C;H¢+3/20, — CH,=CHCOOH+H,0 -613
2/3CsHs+0; - CH;COOH -456
CH,=CHCHO+NH;+1/20, — CH,=CHCN+2H,0 =515
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Table 3. Development on catalysts for propylene ammoxidation in commercial

processes[10]
Catalyst Yield of acryonitrile (%)
Generation 1 BiyPMo;,05,/SiO; 55
Generation 2 Fe4 sBis sPMo0,,0s5,/Si0, 65
Generation 3 Coy5Fe;Niy sBiPysKo sMo;2O0ss 75
Generation 4 (K,Cs).(Ni,Mg,Mn)7 s(Fe,Cr)23BiosNO 1204 80

(1) T2l LLLIOFEYE MRS O #LIE([10]

Tz R Yo7} Atstg el A Aol = e oY
¥-S 55 Table 2¢] LERJQITH

f&{ ZzPe] Yo7} Abshkgel| 2late] A=
Aol 278 dgeo] MEAHRE 1383 £ ul, 2 HZ&
Flgure 87} Atk IReAM B AAH, T2 T4 W)
o7wA e gl FElE Fuoll FAskaL thA] FaE )
oW71wA [Ho.C=CHCH]" Gejo] T7HA15 B3} o] 3t
A7k 2k W bRy olel whgale] oladRUEL S s
Hhdo @2 AbA g} Whgshd Lds| =, Yo/t f714Hs AA

¢
H,C” CHj
l -H 1%t H-abstraction
a
H,¢” CH,
-H 2" H-abstraction
¢
H,¢” CH
+02 d .
+0, 3¢ H-abstraction
+NH;, CH,CHCHO
H + NH3 J+ 02
PON
H,C C&N CH,CHCOOH
i + 02
CO, etc.

Figure 8. Reaction pathway on propylene ammoxdiation,
based upon products[10].
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196013t ©]= SOHIO A}7} Bi-Mo7A| 38 AF}2-2 Zuj)
2 AHg3lo] Belwl SRR Lol 2B S 4
sFeitl. SOHIO F7 oM ofe] AltlE A HA 237
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Figure 9. Mechanism of propylene ammoxidation over Bi-Mo oxide catalyst[10].

oJstod W5t A ki AEA T o9]el e Te-Mo7,

U-Sb7|, Bi-Sb-Mo#], Fe-Sb7|, Ce-Te-Mo#| 2]

BgAsHE

Zn7F T2 A 9] I ]old ) AshuEL e tste] FAdo] &
ek Aow dHA Qi) o] T Ce-Te-MoA H3Mltsl==nl
o|gkz]o}e] UOP-Montedison 3-3 o4 AFisls 9l o), vk
5 A EE Te' 71 FiAo] 7Fslo] Skuo] glojx =

[
o
2 S0l whes) $490] Astse] Bi-MoZ] B
%

A W sk 2l

22,2, Z2HO| ALLIOFI} At

A7 Qo] Thehs] A SHEoli} ksl
=45 Eivﬂ?ﬂ A ZrIor A3lsle] olmHURUE
R 7142 ST 55 o] SAks e of

e
o

{0

Az

[

H_C3H7

O o
oM oM

s} Zujo}

1S o5k

W LPGE 44 AT BE A1ES AFES. )
7HA] W wlelg] o] o] BP America 2 Mitsubishi
Kasei 5:9] 3Ao] 28517 QA% A83a710 2 7}
A gAISe] Aol Ao} Ak Ao 2] Y]
R S LR U0} Y o] YU
Sk SRk} sk Bkl oladnvy

He 2071 ol A% 2] ohd nzas &
e N .
s F7H] 0= 7HAofRt shtk(Figure 10). 53] Z 23
37g0] vl w7] wiitel &do] pshaA e aee] 71
el vido] 978k Fule] sito]l Fastt). sfvst
& W2l oate] ©hslrae] dis W NO&L 44
Hhejo] o] o] FHuljol] £o w7 Ag357] wite] 4711k

M ﬂ}ln O_L, 0_>L
i 01'
HU

o rlr n o?: oft
o

r&

off rE X r
e J*j‘

S
olft rlo

H-----C;3H; I/{ C3117

O 0 0O 0
O\\|}/O\'\|]/O o_ll_o_ll_O

oM oM oM oM

Figure 10. C-H bond activation of propane using catalyst lattice oxygen|[51].
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Figure 11. Proposed mechanism of propane ammoxidation over MoVTeNbO«[52,53].
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Figure 12. Resonance form with favored o-hydrogen
abstraction[52,53].
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Table 4. Catalytic performances for propane ammoxidation to acrylonitrile reported in the literature

Conversion

Selectivity

Conversion Selectivity

Conversion of propane (%)

Figure 13. Catalytic activities obtained over various
catalysts for propane ammoxidation[55-80].

Catalyst ©%) (%) Ref. Catalyst %) ©%) Ref.

V/Nb (VNbOy) 15 7 [56] Co-Zeolite 7.3 37 [76]

SbVAIO 15 41 [57] 17 27 [76]

Sn/V/Sb/SiO, 8 41 [58] Ga-MFI 48 40 [78]

11 32 [58] SnVSbO 30 45 [80]

16 22 [58] MoVNbTeO 20 42 [72]

18 17 [58] 14.5 62.8 [63]

Sn/V/Sb/AL,O; 22 15 [58] 29.8 59.9 [63]

27 14 [58] 13.6 30.8 [63]

VSbO 25 37 [59] 62 63 [67]

FeVSb 18 24 [62] 87 55 [69]

22 33 [62] 90 46 [69]

19 38 [62] 91.1 56.8 [70]

VSbPWAIO 20 17 [61] 27 70.9 [70]

NiSbvVO 20 10 [64] 18.5 66.5 [70]

BiMo/ALO; 35 48 [65] 59 60 [74]

VSbW/ALO; 39 34 [66] 524 56.3 [55]

VSbAIO 30 4568 [68] 92.7 57.5 [55]

VSbWAIO 77 48 [68] 82.8 63.3 [55]

VSbAIO 45 50 [60] SbvO 13 60 [77]

SbvOy 84 47 [71] VMoSbO 18 37 [79]

CrVsb 20 15 [72] 22 31 [79]

SbVTiIO 25 53 [73] SbVAIO 30 40 [68]

SbvO 12 15 [73] SbWAIO 30 38 [68]

VAION 60 58 [74] 60 47 [68]
100 N b7} ALBhIES WIAUZS Kol gtk EHSe] o)shd M1
Vo D Varlous catalysts phase (orthorhombic(MoV, Te,NbOy)- 29+ 24 514]
LN | e 71 SRS b 2l AL M2 phase (hoagona
S sf Vo - (MoVqTeO)& HA8 Zzale] ghrrjobsz} Alahil-gol
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