
Synthesis of acetic acid

Industrial technologies for the synthesis

In 2023 the production of acetic acid was of 

18 million of metric tons.



CH3CHOC2H4  +   1/2 O2

cat
G = -197 kJ mol

-1

analogous of 

Zeise salt

Synthesis of acetic acid
The Wacker process



The recently reported mechanism

J. Oxgaard, W. A. Goddard, III et al J. Am. Chem. Soc. 2007, 1291, 12342.



The recently reported mechanism



The recently reported mechanism



Oxidation of Pd(0) to Pd(II) by the Cu(II) salt

Pd(0) + 2 [CuCl4]2-
Pd2+ + 2 [CuCl2]- + 4 Cl-

2 [CuCl2]- + 1/2 O2 + 2 H+ + 4 Cl- 2 [CuCl4]2- + H2O

One stage process

High purity gases are needed: pure O2; 99.9 % ethene

Ti-equipment needed (highly corrosive HCl in oxidative

medium)

Low pressure

Conversion limited to 40 % Gas recycle necessary

Total Conversion of ethene No gas recycle

Raw Gas

Higher pressure + two reactors Higher investiments

Two stage process



Flow scheme of the Wacker process at one stage 

Reaction Conditions:

T = 100 - 130 °C; PCO = 4 - 10 bar.



reactors

Reaction Conditions:

T = 100 - 130 °C; PCO = 10 bar.

Flow scheme of the Wacker process at two stages 



The Monsanto process

ATOM EFFICIENCY = 100 % E FACTOR = 0

in situ catalytic system:
RhI3, CO e H2O

It is based on the carbonylation reaction of methanol



The catalytic cycle



The rate determining step of the catalytic cycle

rate: CH3I > CH3Br > CH3Cl

nCO: 2055 e 1984 cm-1



Side reactions



Flow scheme of Monsanto process

Reaction Conditions:

[Rh] = 10 mM; [CH3I] = 1.5 M; T = 180 °C; PCO = 50 bar.



The CATIVA process

It is based on an Iridium catalyst;
High rate at low water concentration;
High stability allowing a wide range of process
condition;.
The catalyst is about 25 % faster than the Monsanto;
Thanks to lower content of sideproducts, the produced
acetic acid is of better quality than that obtained by the
Monsanto process.

It is based on the carbonylation reaction of methanol



800 times faster 

than the anionic 

catalyst

The oxidative addition reaction is facile and it is no longer the

rate determining step!

Resting state

The catalytic cycle



The energy barriers of  Monsanto and CATIVA 
processes

Experimental values: G# = 128.5 kJ/mol (Ir); G# = 81.1 kJ/mol (Rh)

Calculated values: G# = 116.3 kJ/mol (Ir); G# = 72.2 kJ/mol (Rh)

Activation energy for the methyl migration reaction:



The catalytic cyclesResting state



Flow scheme of CATIVA process

Reaction Conditions:

[Rh] = 10 mM; [CH3I] =

1.5 M; T = 180 °C; PCO =

50 bar.



Methoxycarbonylation of ethene

The Lucite process



D. J. Cole-Hamilton et al Chem. Rev. 2021, 121, 6610.

A peculiar
diphosphine



A peculiar
diphosphine



Reaction Conditions:

nPd = 0.01 mmol; CH3OH V = 300 mL; T = 80 °C;

Ptot = 10 bar; nCF3SO3H = 0.2 mmol; t = 3 h.
b molEt/molPd·h.

cat

Methoxycarbonylation of ethene



The mechanism



Flow scheme of Lucite process


