Synthesis of acetic acid

Industrial technologies for the synthesis
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2023 the production of acetic acid was of
18 million of metric tons.



Synthesis of acetic acid
The Wacker process

cat 1
oHy + 1/20, —— CH3CHO AG = -197 kJ mol

- H,0 C
1/2 03 2 CuCl analogous of
2 HClI [PdCI4% Zeise salt
v=16 ‘-NI C'_l/
"Pa’t

2 CuClj cl= ‘\-."
v=16
-CI Hzﬂ
Pd’
0 HQG-..PdI,.CI
s -CI° -
H3c—c\" -HCI C|16 \"
H - H;,0 V=
N H-I- H G g
H,0.., ,.c|_|- 20 nucleophilic attack
Pd byH0 g
cl~ _
v=16 H20.,,_ .Cl|
H Pd
cl=
\ -ClI- v=16
H,0. .H
+CI 2 g / OH
cI” N
d[CH4CHO] [CoHAI[PACI2] v=16 K

=k

dt [H*][CI7?



The recently reported mechanism
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The recently reported mechanism

outer-sphere pathway
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The recently reported mechanism
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Oxidation of Pd(0) to Pd(ll) by the Cu(ll) salt

Pd(0) + 2 [CuCl]* Pd?* + 2 [CuCl,] + 4 CI

2 [CUCL] +1/2 0, + 2 H +4Cr 2 [CUCI4]%” + Ho0

One stage process

Conversion limited to 40 % mmmm) Gas recycle necessary

High purity gases are needed: pure O,; 99.9 % ethene

Ti-equipment needed (highly corrosive HCI| in oxidative
medium)
Low pressure

Two stage process
Total Conversion of ethene mmm) NoO gas recycle

Raw Gas

Higher pressure + two reactors === Higher investiments



Flow scheme of the Wacker process at one stage
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Flow scheme of the Wacker process at two stages
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Reaction Conditions:
T =100 -130 °C; Pcg = 10 bar.



The Monsanto process

It is based on the carbonylation reaction of methanol

CH,OH + CO — CH,COOH

AG, standard conditions, -75 kJ.mol™

ATOM EFFICIENCY =100 % E FACTOR =0

in situ catalytic system: l—gp-CO -)
RhI,, CO e H,O = o

CH,OH + HI S CH,l +H,0 (1)
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The catalytic cycle
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The rate determining step of the catalytic cycle

Rate law: v = k .[Rh ,(CO),.[CHS]]
rate: CH,I > CH,Br > CHSCI

AG -
ca. 20 kdJ/mol

.
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13C NMR: two equivalent carbons with Jg, = 60 Hz

3¢ NMR: methyl group with Jg, = 14 Hz at 6 = -0.6 ppm



Side reactions

CO + H,0 > H,+CO,
RhI,(CO),~+ OH~—> RhlL,(CO)(CO,H)2-

RhI,(CO)(CO,H)2-— RhI,(CO)(H)2-+ CO,

RhL(CO)(H)2~+ H* + CO — Rhl,(CO),~ + H,

CH,RhI,(CO),~ + HI — CH, + Rhl,(CO),-

RhI(CO),"+2HI S H, +Rhl,(CO),"



Flow scheme of Monsanto process
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Reaction Conditions:
[Rh] =10 mM; [CH;l] = 1.5M; T = 180 °C; P, = 50 bar.



The CATIVA process

It is based on the carbonylation reaction of methanol

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.
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The catalytic cycle
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The oxidative addition reaction is facile and it is no longer the
rate determining step!



The energy barriers of Monsanto and CATIVA
processes
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Activation energy for the methyl migration reaction:

Experimental values: AG* = 128.5 kJ/mol (Ir); AG* = 81.1 kJ/mol (Rh)
Calculated values: AG* = 116.3 kJ/mol (Ir); AG*# = 72.2 kJ/mol (Rh)



Resting state The catalytic cycles
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Flow scheme of CATIVA process
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Reaction Conditions:
[Rh] = 10 mM; [CH,l]
1.5 M; T =180 °C; P
50 bar.



The Lucite process
Methoxycarbonylation of ethene
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Lucite alpha I: 120,000 t/y in Singapore

Lucite alpha Il: 250,000 t/y in Saudi Arabia
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Methoxycarbonylation of ethene
O
cat I
CHyOH + CO + CH,=CH; — H+CH.CH.C}0OCH-

R' ,
o P—Pd-P
)@(:P{ Pd(dba) Selectivitye  bite angled

X Fli‘ R? Complex Activity? (%) (%)
| R <R = BU X< H 1 12 000 99.9 103.9
2 R'=R%=Bu X = NO, 2 11 500 99.9
3 R'=R?=Bu!, X = OMe 3 11 800 99.9
4R =R°=Pr,X=H 4 200 20 104.3
5 R'=R"=Cy, X =H 3 200 25 103.9
6 R'=R°=Ph, X =H 6 400 20 104.6
7 R'=BU, R®*=Cy, X =H 7 500 30

Reaction Conditions:

Npg = 0.01 mmol; CH;OH V =300 mL; T = 80 °C;
P.ot = 10 bar; Ncezgozy = 0.2 mmol; t =3 h.

b molz/molsy-h.



The mechanism
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Flow scheme of Lucite process
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