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Steady state and transient isotopic experiments

- Formation of > 30 products including C -C  carboxylic acids1 5

  and anhydrides with AcOH as main product at low
  temperatures (<250°C)
- Influence of added H O at low temperatures: promoted2

  formation of AcOH and HCOOH, H O suppressed allylic2

  oxidation and total oxidation;
  increase of temperature (>300°C): MA is predominantly formed
- S  in MEK oxidation higher than in 2-BuOH oxidation:AcOH

 parallel pathways from butene to AcOH exist
- Dioxolane and dioxan derivates (formation by dimerisation of
  the potential intermediate products ethyloxirane and
  dimethyloxirane) were identified as products

16 18- Transient oxidation of 1-butene with O / O  switching2 2

  in presence of H O: fast but limited isotopic exchange 2

  in absence of H O: slow and complete isotopic exchange2  

Results

Acetic acid (AcOH) on industrial scale is produ-
 ced by carbonilation of methanol [1 ]. Gas phase oxidation of 
n-butenes on VOx catalyst is also a potential route for the 
production of AcOH on smaller industral scale of ~ 100 t/a. The 
mechanism of butene oxiadation to AcOH is still a matter of 
discussion. Seyama et al. proposed an oxihydrative scission 
mechanism involving water as a reactant [3]. In contrast, 
Kaneko at al. suggested a reaction mechanism without the 
participation of water [4]. This investigation was aimed at the 
elucidation  of the reaction pathway for oxidation of 1-butene
by transient isotopic method and stady state conditions.       
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Formation of AcOH during the catalytic oxidation
of 1-butene in dry gas  flow and in presence of H O2

-1
T: 220°C; O : 5%; H O: 17 vol-%; GHSV: 17.000 h2 2

R: Quartz  Tube Microreactor; L: 100 mm;  D: 5 mm; MK : Mixer; 
-1

 F: Microfilter; T: 100-400 °C; Cat.: 50-300 mg; GHSV: 500 - 30.000 h ;  
MS: GSD 300 C2 (Omni Star);   GSS: Gas-Stream-Selector (Pfeiffer-
Vacuum); m/e: 28 (CO); 44 (CO ); 46 (HCOOH); 56 (butene); 59 (2-2

BuOH); 58 (Prop. Ald); 60-64 (AcOH).  15 sec. - m/e 

Reaction network of n-butene oxidation  on VOx catalysts 
(see also [5] )

In presence
 of  17 %  water

fast but limited
O-exchange

T:  260°C 
Dry gas Flow

slow and complete
O-exchange 

Formation of isotopic exchanged oxygenates after 
16 18switching  from  O  to  O  2 2
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Influence of water

1-1-butene: 1,2 vol-%; O : 9 vol-% ; VOx-TiO ,T: 220°C;  GHSV: 17 000 h 2 2  

0 5 10 15 20 25 30 35 40
0

1

2

3

4

5

6 HCH=O

se
le

ct
iv

it
y

(%
)

conc. of  H
2
O (vol-%)

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

CH
3
-CH=O

CH
2
=CH-COOH

CH
2
=C(CH

3
)-COOH

O-isotop  distribution in Ch3COOH during oxidation of 1-butene  
18 16with oxygen O ( O) on VOx-TiO  and  in presence of  water   2  

Formation of acetic acid and other oxygenates
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1-butene: 1,2 vol-%; O : 5 vol-% ; VOx-SbOx-TiO  ; Water: 17 vol-%.2 2,
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Possible reaction network of the formation of AcOH 
via oxirane intermediates

Et-OX: Ethyl oxirane; Di-Me-Ox: Dimethyl-oxirane; BA, PA: C3, C4 -Aldehyde  

Experimental

Catalyst preparation [ 2 ]

 

WACKER

VOx-(6,1%)-TiO  and VOx-(4,2 %)-SbOx(9,5%)-TiO2 2

Conclusions
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Possible reaction network of the formation of AcOH

Et-Ox: Ethyloxiran, Di-Me-Ox; Dimethyloxiran; BA,PA: C3,C4 Aldehyde

- SSITKA experiments: water is involved in the formation of
  BuOH and AcOH.

  An oxihydration step takes place in butene oxidation at low
  Temperatures. 

- Steady state experiments: two reaction paths from butene to
  MEK exist:
1)  via 2-BuOH formed by hydration of n-butenes
2) via dimethyl- and ethyloxiranes formed by electrophilic
  attack of oxygen species on the double bond in butene
  molecules
 
- AcOH is formed by oxidative scission of MEK
- During butene oxidation to AcOH both, the mechanisms of
  Seiyama [3] and Kaneko [4] operate. Their individual
  contributions to the formation of AcOH remain a subject of
  further investigations.
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