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Studies on the Preparation of Propyleneoxide by the Co-Oxidation of

Propylene and Acetaldehyde (111

Solvent Effects on Acetaldehyde Autoxidation

Minoru Muto
Takashi Shintani

The effect of solvents on the rate of oxygen absorption in the uncatalyzed oxidation of acetaldehyde was
investigated at the temperature from 15° to 30°C in ethylacetate, benzene and acetic acid. The results
showed that the highest rate of oxygen absorption was obtainable in ethylacetate solvent. The yield of
peracetic acid and acetaldehydemonoperacetate to reacted acetaldehyde as well as that of perbenzoic acid in
oxidation of benzaldehyde was found higher in ethylacetate solvent.

The air oxidation of acetaldehyde was then carried out in the presence of propylene in ethylacetate and in

benzene in the magnetic stirred autoclave, at the temperature of 125°C and the pressure of about

45 Kg/em?2. It was considered that the reactvities toward propylene of acetylperoxy radical and peracetic

acid affecting the oxidation rate were found different according to solvents used.
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Fig. 2 Analytical results of a typical experiment
at 25°C in ethylacetate, (O : acetaldehyde
reacted, A\ : oxygen absorbed,
X : peracetic acid, [ ]: AMP,
WV tacetic acid+ acetic anhydride
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Tab. 1 Effect of Solvents on Oxidation of Acetaldehyde
| Initial Absorption F‘c:mation
© mole/{ mole/{. sec mole/{. sec 1/sec
1 Benzene 15 1.05 1.53x10-5 0.73x 105 5.2x10-5
2 7 20 0.91 1.20 0.73 8.5
3 ” 25 1.03 1.90 0.85 12.0
4 ” 30 1.06 3.32 0.93 20.2
5 Ethylacetate 15 1.01 1.37 0.88 2.7
6 ” 20 1.01 2.07 1.6 3.8
7 ” 25 1.04 2.45 1.8 52
8 ” 30 1.04 3.35 2.2 7.0
9 Acetic acid 20 1.02 0.57 — 8.4
10 ” 25 0.73 0.62 — 23
11 ” 30 1.08 1.89 - 58
12| Methylacetate ” 1.06 2.12 1.6 3.7
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Fig. 3 Stoichiometry of reaction showing equation

(10) for Oxidation of Acetaldehyde in
Benzene at various temperature, O :15°C,
A 20°C, []:25°C, x :30°C
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Tab. 2 Effect of Water on Oxidation of

Acetaldehyde
temperature : 30°C

Initial con-| Absorption
No.| Solvent Water E?HX;;:&- rate of
mole/{ lehyde Oxygen
mole/( mole/[. sec
13 | Ethylacetate] 0.37 1.10 0.92x10-5
14 ” 0.74 1.11 1.42
15 ” 1.86 1.14 0.63
16 ” 3.70 1.10 0.23
17 | Acetic acid| 0.19 1.08 2.68
18 ” 0.64 1.05 1.50
19 ” 1.11 1.04 1.17
20 ” 3.70 1.04 0.50

|
=~
o

of Oxygen

I
o1
=)

.Jn
[$2]

Logarithm of Absorption rate

1 | 1 ]

1 2 3 4

Water/Acetaldehyde, mole ratio

>
<

=

Fig. 4 Effect of Water on absorption rate of
Oxygen, () : ethylacetate, A\ : acetic acid
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Fig. 5 Yields of sum of Peracetic acid and AMP
at 25°C in various solvents,
O : ethylacetate, A : benzene, [ ] : acetic acid
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Tab. 3 Equilibrium constant of equation (7) in
Oxidation of Acetaldehyde in Ethylacetate
temperature : 25°C

Time K < LCH3CHO) [CH; COOOH)
min B LAMP]
moe/f
70 0.81
100 0.85
130 0.84
170 0.86
mean .84

FIRHCL TRV ¥ Y, BRREEBICONT, kDD
0.78 (25°C), 0.26 (25°C) %18, B K ofiiico
W, TENTATE KRR ORIGTRE L
KOfE 0.27 (25°C)® » —F L T\ %, BRI kL
REBETF )L, <8 B ETD KOsk S O,
Vasilyev ' & @ iRk b VI & DRSS ERT 5
C LTRSS O/ S B,
AMP &0 Befig, SOKEERE~OBEEE R ko +kyo % %k
KL DRDI,
k9+km=§ﬁ&ﬁﬁ-§ﬂu}hCOOH]+
2[(CH3CO)O]} (12)
ko+kio DFEIMMERSDIE B D2, FEMEABEL
Tab.l R L7z, (Tab.4£f)

Tab. 4 Values of constant kg +k;, in Ethylacetate
and in Benzene
temperature : 25°C

Ethylacetate Benzene |
Time | ketkio | Time | kotkyp
min 1/sec min 1/sec
70 5.0x10-5 100 11.7x10-5

100 5.2 130 13.2
130 5.2 160 12.0
170 5.2 190 11.1

mean 5.2 mean 12.0

|

RN

lTog (k9+k10)
|
[f-.
(=]

L x10°, K

Fig. 6 log (kg+lkyq) vs. %

(O : ethylacetate, A : benzene
[7] : acetic acid
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Oxidation of Acetaldehyde in presence of Propylene in Benzene -Ethylacetate solvent

temperature : 125°C, pressure : 43 - 48 kg/cm?

I

Mole-fraction Reactants, mole Products, mole -
. Initial rate
No of Ethyl § RN A -
’ acetate of .
<olvent ](,H3CHO\ 0, CaHe 'CH3CHO§ 0, CiyHg \ CO, [Total-acid kg/cm?. min
| . | g S SR S N
21 l 0 0.030 | 0.124 | 0.535 ', 0.012 0.021 | 0.479 | 0.023 0.021 0.12
| |
22 l. 0.05 0.027 | 0.129 | 0.655 1 0.012 0.008 | 0.581 | 0.025 0.024 0.15
23 0.10 0.034 '] 0.121 | 0.547 0.013 0.006 | 0.464 | 0.021 ]. 0.023 0.16
24 % 1.00 0.038 0.116 l 0.535 0.013 0.009 | 0.398 | 0.026 0.023 0.21
|
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Fig. 7 Effect of Solvents on mole-ratio of reacted
Propylene to reacted Acetaldehyde
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Fig. 8 Effect of Solvents on mole-ratio of Carbon
dioxide to reacted Acetaldehyde
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