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Methylvinyl Ketone Formation over Synthetic Chrysotile
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Selective formation of methylvinyl ketone (MVK) was attained
over chrysotile, Mg3(OH)481205, through aldol condensation reac-
tion between acetone and formaldehyde, the selectivity being 98%

2+ _substi-

on both acetone and formaldehyde bases. Synthetic Co
tuted chrysotile, Cong3_x(OH)481205 (x= 0.15 or 0.9), catalyzed
the reaction between acetone and methanol to give MVK and methyl-

ethyl ketone (MEK) with 75% selectivity on acetone basis.

Chrysotile, Mg3(OH),S5i, 05, is a layered magnesium silicate and can be synthe-

1)

sized under hydrothermal conditions. The synthetic chrysotile has been found

to be a catalytically active material in acid- or base-catalyzed reactions.z) It

2+ can be incorporated in

has also been reported that metal cations other than Mg
the structure of chrysotile to give a cation-substituted chrysotile such as Co,-
Mg3_, (OH)4Si,05.3)

The aldol condensation reaction is known to be catalyzed by acid or base.4)
In this study, a reaction between formaldehyde and acetone over the synthetic
chrysotile is examined, the condensation product being methylvinyl ketone (MVK).

5) or phenole)

Condensation reactions between formaldehyde and propionaldehyde,
over solid catalysts have been reported, in which trioxane is used as a potential
precursor for formaldehyde. In the present study, trioxane as well as formalin
was used as a formaldehyde source.

The transition metal cation-substituted chrysotile may possibly have a dehy-
drogenation property together with acid- or base-properties. If methanol under-
went dehydrogenation, formaldehyde would be formed. Then it may follow that MVK
can be directly formed from a mixture of methanol and acetone through the aldol
condensation reaction of formaldehyde and acetone. Ueda et a1.7) have reported
that MVK was synthesized from methanol and acetone over MgO containing Fe(III) ion
catalyst at 350 ©C with a 55% selectivity for MVK on acetone basis. Here, the
Co?*-substituted chrysotile, CoXMg3_x(OH)4SiZOS, was tested for the reaction.

2+ _substituted chrysotile were synthesized hydrothermally

Chrysotile and Co
accoring to the method reported,1'3) using sodium metasilicate, magnesium chloride
and cobalt(II) chloride. The reactions were performed with a continuous flow
reactor operating at atmospheric pressure. The minerals thus prepared were
pretreated under a helium stream at 500 °C for 2 h before starting reactions.

Trioxane or methanol was dissolved in acetone at a given HCHO/acetone molar ratio
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to be delivered to the reactor. The products from the outlet of the reactor were
periodically analyzed by gas chromatography.

In Table 1, are shown the results of aldol condensation of formaldehyde and
acetone over chrysotile. When formalin was used as a formaldehyde source, the
conversion of formaldehyde was 61.8%, and CH3OH and C5—ketones were formed to-
gether with MVK. The formation of methanol was observed also in the aldol conden-
sation reaction over hydrotalcite-based catalysts using formalin as a formaldehyde
source and was attributed to Cannizzaro reaction of formaldehyde due to the pres-
ence of water in formalin.8)

On using trioxane in place of formalin, the yields of both CH3OH and Cg-
ketones are remarkably depressed, while the yield of MVK remained essentially un-
changed (45.8%). It may follow that elimination of water from formaldehyde source
is remarkably effective to increase the selectivity to MVK. As is shown in Table
1, the selectivity for MVK on acetone basis were also very high, Cg-ketones being
by-products. Further experiments were conducted using trioxane as a formaldehyde
source.

With increasing reaction temperature, formaldehyde conversion monotonously
increased from 18.1% to 56.5% under the same reaction conditions as those in Table
1, except reaction temperature ranging from 350 ©°c to 500 °c. Selectivity for
MVK based on formaldehyde was about 98% at 350 and 400 Oc, and decreased to 79.5%
at 500 ©c. At 450 and 500 °C, CO was detected in the products. The maximum
yield of MVK (46%) on formaldehyde basis appeared at 400 °cC.

Reactions were performed at various acetone pressures (6.0-24.0 kPa) with
formaldehyde pressure being kept at 3.0 kPa. The results are shown in Fig. 1 on
formaldehyde basis. At 6.0 kPa of acetone pressure, CH30H, Coz,and CO together
with MVK were observed in the product. Above 9.1 kPa (acetone/HCHO molar ratio

Table 1. Aldol condensation reaction 60 T T
between formaldehyde and acetone over _ O ~
chrysotile?) 52 //CY-() o -
HCHO source Formalin Trioxane -~ 40 B T
HCHO conversion / % 61.8 46.9 O \ o
Selectivity / % ®20F K .

MVK 80.8 97.6 > a

CH;OH 11.9 0 \‘\ »

b) 0bt—= —R= ——

CS—Ketones 7.3 2.4

0 10 20 30

Acetone conversion / % 18.7 14.3
Selectivity / % Acetone / kPa
MVK 95.7 98.8 Fig. 1. Changes in yield of products
C5—Ketonesb) 4.3 1.2 with acetone partial pressure on
a) Reaction conditions: reaction tempera- formaldehyde basis. ( Q) MVK, (O)
ture= 400 °C, W/F= 2.7 g h mol~!, HCHO= CH;0H,( @) CO,, (@) CO and ( 4 )
3.0 kPa and acetone=9.1 kPa. Cg-ketones. Reaction conditions:
b) Methylisopropyl ketone and ethylvinyl reaction temperature= 400 °C, W/F=

ketone. 2.7 g h mol~"! and HCHO= 3.0 kPa.
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Table 2. Aldol condensation reaction

between methanol and acetone over Co2*-

substituted chrysotile?)

Catalyst CoXMg3_x(OH)4SiZO5

T T L T T
60 F N\ _ x= 0.15 x= 0.9
@) CH;0H conversion / % 2.5 1.2
2 \\Y) Selectivity / %
~40F \ - MVK 31.1 50.4
R0 o) MEKP) 25.2 31.3
© ~— co, 32.7 15.7
> 20 F 8>< C5-Ketonesb) 11.0 2.6
()/”/” Acetone conversion / % 19.2 15.6
0 _A.I_.‘ég——*—‘—*— Selectivity / %
O 2 4 6 8 10 ]2 MVK 41.2 45.1
HCHO / kPa MEKb) 33.3 27.9
1pab) 18.2 24.6
Fig. 2. Changes in yield of products C5-Ketonesb) 7.3 2.4
with formaldehyde partial pressure a) Reaction conditions: reaction tempera-
on formaldehyde basis. Symbols are ture= 350 °C, W/F= 2.2 g h mol"1, CH;OH
the same as those in Fig. 1. =16 kPa and acetone= 1.6 kPa.
Reaction conditions: reaction tempe- b) MEK: methylethyl ketone; IPA: isopro-
rature= 400 °Cc, W/F= 2.7 g h mol™! pyl alcohol; C5-ketones: methylisopro-
and acetone= 9.1 kPa. pyl ketone and ethylvinyl ketone.

23), the yield of MVK was constant (49%). This phenomenon suggests that acetone
is so strongly adsorbed on the catalyst surface that the Cannizzaro reaction, a
bimolecular reaction of formaldehyde, is suppressed completely. The MVK yield on
acetone basis decreased monotonously from 16.4% to 6.3% with the increase in
acetone pressure, selectivity to MVK on acetone basis being 97.2-99.4%.

In Fig. 2, is shown the effect of formaldehyde pressure on the yield of
products on formaldehyde basis, with acetone pressure being kept at 9.1 kPa. At a
formaldehyde pressure lower than 3.0 kPa (acetone/HCHO »3), MVK is formed selec-
tively. Above 6.0 kPa, the formation of CH30H, CO,, and CO becomes appreciable.
With increasing formaldehyde pressure, MVK yield on acetone basis increased and
became constant (21.1%) at higher than 6.0 kPa.

Several studies have been reported on the MVK formation from formaldehyde and
acetone, using formalin as a formaldehyde source, over solid catalysts such as
Na/SiOz,g) calcium hydroxyapatite (CaS(OH)(PO4)3),1O) Zr02/8i0211) and a hydrotal-
cite (Mg6A12(OH)16CO3‘4H20)—based catalyst.s) Malinowski et a1.9) reported the
conversion of acetone to be 1%, while Tanaka et a1.10) obtained the yields of MVK
and of mesityloxide to be 24% and 2% on acetone basis, respectively. The mate-
rial balance based on formaldehyde is not found in their reports. Igarashi et
al.11) and Suzuki et al.8) obtained the yield of MVK to be 13% and 15% on acetone
basis at W/F= 5 g h mol'1, respectively. In the present study, using trioxane as

a formaldehyde source, MVK yield on acetone basis was found to be 14-20% which is
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in the range of MVK yields ever reported. The selectivity for MVK on formalde-
hyde basis has been reported to be 65%11) and 64%.8) In the present work, the
most predominant effect of using trioxane in place of formalin in combination with
chrysotile can be found in an enhanced selectivity to MVK (98%) on formaldehyde
basis.

The results of reactions of methanol and acetone over the two kinds of C02+-

substituted chrysotile are given in Table 2. The catalysts contain Co?*

2+

cations,
in place of the part of Mg cations in chrysotile with different degree of
substitution (x= 0.15 or 0.9). Over the both catalysts, MVK and methylethyl
ketone (MEK) were formed as the major aldol condensation products, by-products
being CO,, Cg-ketones and isopropyl alcohol. The selectivities for MVK and MEK
were found to be 56-82% and 73-75% on methanol and acetone basis, respectively.
The MVK yield was found to be 7-8% on acetone basis. The reaction may proceed
via aldol condensation between acetone and formaldehyde which might be formed as a
result of dehydrogenation of methanol. Thus, Co?*_substituted chrysotile can
behave as a bifunctional catalyst for dehydrogenation reaction and acid/base
reaction.

In conclusion, the aldol condensation between acetone and formaldehyde to
yield MVK proceeds with a high selectivity over synthetic chrysotile by using
trioxane as a formaldehyde source, the selectivity for MVK being 98% on both
acetone and formaldehyde bases. Synthetic Co?*_substituted chrysotile was also
effective for aldol condensation reaction between acetone and methanol yielding
MVK and MEK with a selectivity of 75% on acetone basis.
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