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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a process for the preparation of the hydroxyacetone.
[0002] More particularly, the present invention relates to a process for preparation of hydroxyacetone by glycerol.
Further, the said process is catalyzed by metal catalysts that results in 80 to 100% selectivity towards conversion of
glycerol to hydroxyacetone (acetol).

BACKGROUND AND PRIOR ART OF THE INVENTION

[0003] It is known that hydrogenolysis of glycerol involves first dehydration to give acetol followed by its hydrogenation
to 1, 2-propylene glycol (1, 2-PG). In direct hydrogenation route, these steps are carried out together, however, dehy-
dration step does not require hydrogen and also the kinetics of both these steps being different and several side products
are formed. This is a major drawback of the single step hydrogenation route.
[0004] Chiu et al discloses a low-pressure packed-bed gas phase conversion of glycerol to acetol, AIChe Journal
2008, 54, 2456-2463.
[0005] From the article of RASIKA B MANE ET AL: "Cu:Al Nano catalyst for selective hydrogenolysis of glycerol to
1,2-propanediol", Catalysis letters, Kluwer Academic Publishers-Plenum Publishers, NE, Vol. 135, No. 1-2, 29 January
2010, pages 141-147, it is known a process for hydrogenolysis of glycerol with a selectivity to 1,2-propanediol up to 91
%, using Cu:Al nanocatalyst.
[0006] WO 2009/027505 describes a process for producing 1,2-propanediol from a glycerol stream containing less
than 20 % by weight of water, using a Cu-based catalyst under a pressure less than 100 bar.
[0007] WO/2005/095536 titled "Method of producing lower alcohols from glycerol" and the thesis titled "Catalytic
conversion of glycerol and sugar alcohols to value-added products" by Mohanprasad A. Dasari, chapter 4 titled "Dehy-
dration of glycerol to acetol via catalytic reactive distillation" discloses preparation of relatively pure hydroxyacetone from
glycerol employing metallic catalysts including copper, nickel, alumina and others in the presence of water, but the
selectivity of the process to hydroxyacetone is only upto 65%.
[0008] In the article "Vapor-phase reaction of polyols over copper catalysts" by Masaki Akiyama, Ryoji Takahashi,
Takayoshi Hara, Kanichiro Inui and Masahiro Yokota describe the vapor-phase reaction of triols and diols over copper
metal catalysts. Triols, such as 1,2, 3-propanetriol (glycerol) and 1,2,3- and 1,2,4-butanetriols, are dehydrated to corre-
sponding hydroxyketones, while 1,2-propyleneglycol is dehydrogenated to form hydroxyacetone. Supported copper as
well as pure copper metal was an effective catalyst for the dehydration of glycerol to produce hydroxyacetone under
inert conditions. Alumina-supported copper showed the highest catalytic activity with hydroxyacetone selectivity of >90
mol% at ambient pressure of nitrogen and at 250 °C.
[0009] From prior art search results, it is clear that liquid phase selective dehydration of glycerol to hydroxyacetone
resulting in 100% selectivity towards hydroxyacetone has not been successfully attempted so far. Further, dehydration
of glycerol in presence of water to attain 100% selectivity to hydroxyacetone by the selective dehydration of glycerol is
not documented.

OBJECTIVES OF THE INVENTION

[0010] The primary objective of the invention is to provide a process for the preparation of the hydroxyacetone by
glycerol.
[0011] Yet another objective of the present invention is to provide a process for the preparation of the hydroxyacetone
by dehydration of glycerol.
[0012] Yet another objective of the present invention is to provide a process for the preparation that exhibits 80 to
100% selectivity towards the conversion of glycerol to hydroxyacetone in a one step process in the presence of a catalyst
selected from Cu, Cr, Al, Ba, Mg, Zr, Zn, Si in combinations thereof.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention relates to a catalytic process for the conversion of glycerol to hydroxyacetone,
with 80-100% selectivity, said process comprising the steps of, a) charging 10-80 wt% of glycerol, a solvent and a pre-
reduced catalyst into an autoclave with or without hydrogen in the mole ratio in the range of 15-500, b) flushing the
reaction mixture as obtained in step (a) with nitrogen and subsequently heating the same in the range of 180°C 220°C
for a period of 1-24 hours with stirring speed in the range of 300-1700 rpm to get hydroxyacetone and c) separating
hydroxyacetone from reaction mixture as obtained in step (b) by fractional distillation to get pure hydroxyacetone, wherein
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the catalyst are selected from Cu, Cr, Al, Ba, Mg, Zr, Zn, Si or in combinations thereof in presence of a solvent.
[0014] The process includes heating feedstock containing 10-80 wt% glycerol, more preferably 20-60 wt% glycerol
with the metal catalyst in the temperature range of 180-220°C at ambient nitrogen pressure. The solvents for the above
process are selected from water, alcohols, and preferably aliphatic alcohols, alone or in combinations thereof.
[0015] Another aspect of the present invention, the catalyst composition of 20% CuCr2O4 with 80% of SiO2/Al2O3/Ze-
olite support is used for selective conversion of glycerol to hydroxy acetone.
[0016] In another aspect of the present invention, wherein said nano structured Cu, Al, Cr catalysts have particle size
in the range of 7-80 nm, more preferably between 7-50 nm.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

Figure 1: XRD pattern of the 67% Cu, 33% Cr catalyst.

Figure 2: XRD pattern of nano 50% Cu, 50% Al catalyst

Figure 3: TEM image of nano 50% Cu, 50% Al catalyst

Figure 4: XRD pattern of 20% CuCr2O4/H-β zeolite catalyst

DETAILED DESCRIPTION OF THE INVENTION

[0018] While the invention is susceptible to various modifications and alternative forms, specific aspect thereof has
been shown by way of example and graphs and will be described in detail below. It should be understood, however that
it is not intended to limit the invention to the particular forms disclosed, but on the contrary, the invention is to cover all
modifications, equivalents, and alternative falling within the spirit and the scope of the invention as defined by the
appended claims.
[0019] The Applicants would like to mention that the drawings are drawn to show only those specific details that are
pertinent to understanding the aspects of the present invention so as not to obscure the disclosure with details that will
be readily apparent to those of ordinary skill in the art having benefit of the description herein.
[0020] The terms "comprises", "comprising", or any other variations thereof, are intended to cover a non-exclusive
inclusion, such that a process, catalyst composition that comprises a list of components does not include only those
components but may include other components not expressly listed or inherent to such process. In other words, one or
more elements in a system or process proceeded by "comprises... a" does not, without more constraints, preclude the
existence of other elements or additional elements in the system or process.
[0021] In the following detailed description of the aspects of the invention, reference is made to the accompanying
drawings and graphs that form part hereof and in which are shown by way of illustration specific aspects in which the
invention may be practiced. The aspects are described in sufficient details to enable those skilled in the art to practice
the invention, and it is to be understood that other aspects may be utilized and that charges may be made without
departing from the scope of the present invention. The following description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only by the appended claims.
[0022] Accordingly, the present invention relates to a catalytic process for the conversion of glycerol to hydroxyacetone,
with 80-100% selectivity, said process comprising the steps of, a) charging 10-80 % by weight of glycerol, a solvent and
a pre-reduced catalyst into an autoclave with or without hydrogen in the mole ratio in the range of 15-500, b) flushing
the reaction mixture as obtained in step (a) with nitrogen and subsequently heating the same in the range of 180°C
220°C, more preferably between 200-220°C for a period of 1-24 hours, more preferably between 1-12 hours with stirring
speed ranging from 300-1700 rpm, more preferably between 500-100 rpm, to get hydroxyacetone, c) separating hy-
droxyacetone from reaction mixture as obtained in step (b) by fractional distillation to get pure hydroxyacetone.
[0023] In step (a) the said catalysts are selected from the group Cu, Cr, Al, Ba, Zn, Si, Zr, Mg or in combinations thereof.
[0024] In step (a) the said solvents are selected from water, alcohols, preferably aliphatic alcohols, alone or in com-
binations thereof.
[0025] One aspect of the present invention, wherein in step (a) said catalysts are optionally nano size.
[0026] Yet another aspect of the present invention, wherein in step (a) said catalysts are recyclable.
[0027] Yet another aspect of the present invention, where the catalyst composition having 50% Cu and Cr; 30% Al;
20% Zn in 2-propanol as solvent yields hydroxyacetone with 80 to 100% selectivity.
[0028] Yet another aspect of the present invention, where the catalyst composition of 13% Cu; 7% Cr; 80% SiO2 in
2-propanol as solvent yields hydroxyacetone with 100% selectivity.
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[0029] Yet another aspect of the present invention, where the nano sized catalyst composition of 50% Cu; 50% Al in
water yields hydroxyacetone with 95 to 100% selectivity, wherein the catalyst having nano size in the range of 7 to 80
nm, preferably 7 to 13 nm.
[0030] Still another aspect of the present invention, where the catalytic process is carried out liquid phase.
[0031] Yet another aspect of the present invention, wherein said process is conducted in batch or continuous mode.
[0032] Yet another aspect of the present invention, wherein concentration of glycerol used is in the range of 10 to
80%, more preferably between 20-60 wt%.
[0033] Yet another aspect of the present invention, wherein the catalyst life achieved was 400 h for continuous con-
version of glycerol to give hydroxyacetone.
[0034] More particularly, the present invention, a one step process for the selective dehydration of glycerol to hydroxy-
acetone, with 80 to 100% selectivity towards hydroxyacetone, catalyzed by metals selected from Cu, Cr, Al, Ba, Zn, Si
in combinations thereof, is disclosed. The solvents used for the process are selected from water, alcohols, and preferably
aliphatic alcohols, alone or in combinations thereof.
[0035] Dehydration of glycerol takes place at nitrogen ambient pressure and in the temperature range of 180-220° C.
[0036] The catalysts of the invention- in bulk form and as well as in nano sized form are prepared by known processes.
The bulk catalysts are in the particle size range of 40-200 m and the nano catalysts have the particle size range of 5-100 nm.
[0037] The preparation of bulk Cu-Cr catalyst involves addition of ammonium chromate solution to a mixture of copper
nitrate and aluminum nitrate dissolved in distilled water. Stirring is continued till a reddish brown precipitate was obtained.
Other copper chromite catalysts of different compositions are also prepared by adding promoters such as, zinc, barium
and aluminum, in the form of their nitrate salts. The resultant precipitate is filtered and dried in an oven at 110°C. The
dried precipitate is then calcined in a muffle furnace for 1h at 100°C followed by 1 h at 200°C; 1 h at 300°C; and 2 h at
400°C and activated under H2 flow of 40-50 ml/min at 200°C for 12 h.
[0038] The nano sized Cu-Al catalyst are prepared by adding a mixture of each of aqueous Cu (NO3)2.3H2O and Al
(NO3)3.9H2O to aqueous K2CO3. The mixture is stirred simultaneously for 6 h at room temperature without using any
template or a capping agent involving a simultaneous co-precipitation/digestion technique. After complete digestion,
precipitated catalyst is filtered, washed and dried in static air oven at 100°C for 8 h. The catalyst is further calcined at
400°C and activated under H2 flow of 40-50 ml/min at 1.4 MPa at 200°C for 12 h.
[0039] The catalysts are recyclable as exemplified herein.
[0040] The process of the invention is conducted in batch or continuous mode. The recycling experiments of the
inventive process are carried out in continuous mode.
[0041] The following examples are given to illustrate the process of the present invention and should not be construed
to limit the scope of the present invention.

EXAMPLE 1

Catalyst Preparation: Composition- 50% Cu+Cr, 30% Al, 20%Zn

[0042] A mixture of 22.9 g of copper nitrate (0.095 moles of copper), 41.26 g of aluminum nitrate (0.110 moles of
aluminum) and 23.5 g of zinc nitrate (0.079 moles of zinc) was dissolved in 200 ml of distilled water. A solution of
ammonium chromate was prepared by dissolving 23.69 g of ammonium dichromate in 150 ml distilled water and adding
drop wise approximately 22 ml of 30% aq. ammonia solution. The solution of nitrate was stirred while the ammonium
chromate solution was poured into it in a thin stream. Stirring was continued till the addition was completed after which
reddish brown precipitate was obtained. This precipitate was filtered and dried in oven at 110°C for a period of 8 h. This
dried precipitate was then calcined in a muffle furnace.

Activation Program: 12 h at 473 K under H2 flow of 42.5 ml/min

CHARACTERIZATION

[0043]

1. Surface area- 51.58 m2/g,

Calcination Program: 1 h at 100°C
1 h at 200°C
1 h at 300°C
2 h at 400°C
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2. NH3 Temperature Programming Desorption (TPD) - 0.985 mmol/g

EXAMPLE 2

Catalyst Preparation: Composition- 71% Cu+Cr, 19% Al, 10% Ba

[0044] A mixture of 40.25 g of copper nitrate (0.168 moles of copper), 30.98 g of aluminum nitrate (0.082 moles of
aluminum) and 10.44 g of barium nitrate (0.041 moles of barium) was dissolved in 405 ml of distilled water. A solution
of ammonium chromate (0.129 moles of chromium) was prepared by dissolving 32.7 g of ammonium dichromate in 158
ml distilled water and adding drop wise approximately 25 ml of 30% aq. ammonia solution. The solution of nitrate was
stirred while the ammonium chromate solution was poured into it in a thin stream. Stirring was continued till the addition
was completed after which reddish brown precipitate was obtained. This precipitate was filtered and dried in oven at
110°C. This dried precipitate was then calcined in a muffle furnace following the programme as specified here under.

[0045] The calcined catalyst was activated for 12 h at 200°C under H2 flow of 48 ml/min and characterized for surface
area and NH3 TPD.

CHARACTERIZATION

[0046]

1. Surface area- 54.67 m2/g,

2. NH3 TPD- 0.1538 mmol/g

EXAMPLE 3

Catalyst Preparation: Composition- 67% Cu, 33% Cr

[0047] 50 g of copper nitrate (0.2069 moles of copper) was dissolved in 165 ml of distilled water. A solution of ammonium
chromate (0.1039 moles of Cr) was prepared by dissolving 26.18 g of ammonium dichromate in 123 ml distilled water
and adding drop wise approximately 18.158 ml of 30% aq. ammonia solution. The solution of nitrate was stirred while
the ammonium chromate solution was poured into it in a thin stream. Stirring was continued till the addition was completed
after which reddish brown precipitate was obtained. This precipitate was filtered and dried in oven at 110°C. This dried
precipitate was then calcined in a muffle furnace following the programme as specified here under.

[0048] The calcined catalyst was activated for 12 h at 200°C under H2 flow of 43 ml/min and characterized for surface
area and NH3 TPD.

CHARACTERIZATION

[0049]
1. Surface area- 47.63 m2/g,
2. NH3 TPD- 0.3414 mmol/g
3. XRD pattern of the prepared and activated Cu-Cr catalyst in Figure 1 shows the peaks at 2θ values of 35.55° and
74.01° corresponding to mixed phases of Cu2+ and Cr3+ along with the peaks at 2θ values of 43.27° and 50.4° assigned

Calcination Program: 1 h at 100°C

1 h at 200°C
1 h at 300°C
2 h at 400°C

Calcination Program: 1 h at 100°C
1 h at 200°C
1 h at 300°C
2 h at 400°C
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to metallic copper. The presence of both copper and chromium in the XRD pattern confirms the Cu-Cr catalyst formation.
4. Table 1. EDX analysis showing elemental composition of the activated 50% Cu+Cr, 30% Al, 20% Zn.

EXAMPLE 4

Catalyst Preparation: Composition-50% Cu, 50% Al (Nano Size 7-11 nm)

[0050] Nanostructured Cu:Al catalyst was prepared by simultaneous addition of a mixture of 0.05M each aqueous Cu
(NO3)2.3H2O, Al (NO3)3.9H2O and 0.2M aqueous K2CO3 (6.91 g) into 250 ml of distilled water. This mixture was stirred
simultaneously for 6 h at 30°C without using any template or a capping agent involving a simultaneous coprecipitation/di-
gestion technique. After complete digestion, precipitated catalyst was filtered, washed and dried in static air oven at
100°C for 8 h. The catalyst was calcined at 400°C and activated under H2 flow of 44.5 ml/min at 1.4 MPa at 200°C for 12 h.

CHARACTERIZATION:

[0051]
1. Surface area- 31.36 m2/g,
2. NH3 TPD- 0.4513 mmol/g
3. XRD pattern of the activated 50% Cu and 50% Al nano catalyst in Figure 2 showed two broad diffraction peaks at 2θ
values of 36.54° and 43.36° which could be assigned to Cu+ and metallic Cu respectively. By using Scherrer equation,
crystallite size obtained was 7 nm confirming that the prepared catalyst was a nano catalyst.
4. The particle size of the nano catalyst estimated was 7-11nm from the TEM image of the catalyst as shown in Figure
3. This also confirms that the catalyst is a nano catalyst.
5. Table 2. EDX analysis showing elemental composition of activated nano Cu (50%): Al (50%) catalyst.

EXAMPLE 5

Catalyst Preparation: Composition- 70% Cu, 30% Al (Nano Size 7-12 nm)

[0052] 12.74 g of copper nitrate (0.0527 moles of copper) and 8.37 g of aluminium nitrate (0.0223 moles of aluminium)
was dissolved in 250 ml of distilled water. A solution of 0.7023 M K2C03 was prepared by dissolving 24.26 g of K2CO3
into 250 ml of distilled water. The solution of nitrate and K2CO3 was added simultaneously through separating funnel at
25-30°C. After the complete precipitation allow the system to digest under same condition for 6 h at 25-30°C. This
precipitate was filtered and dried in oven at 100°C for 8 h. This dried precipitate was then calcined in a muffle furnace
for 4 h at 400°C and activated for 12 h at 200°C under H2 flow of 44.5 ml/min.

CHARACTERIZATION:

[0053]

1. Surface area- 31.36 m2/g,

Table -1

Elements At%

Cu 28

Cr 25

Al 29

Zn 18

Table 2

Elements At%

Cu 55

A1 45
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2. NH3 TPD- 0.2359 mmol/g

3. The particle size of the nano catalyst estimated was 7-12 nm from the TEM image of the catalyst

EXAMPLE 6

Catalyst Preparation: Composition- 20%Cu/C

[0054] The 20% Cu/C catalyst was prepared by impregnation method. A solution of Cu (NO3)2.3H2O (7.6046 g in 10
mL of water) was added to the hot slurry of carbon (8 g) made in water with stirring. This mixture was stirred for the 6
h. After 6 h to this solution 10% ammonium carbonate solution was added with constant stirring till the pH reaches to 9.
The resulting slurry was filtered to obtain a solid cake and dried in oven at 100°C for 6 h. This dried precipitate was then
calcined in a muffle furnace for 10 h at 500°C and activated for 12 h at 300°C under H2 flow of 40 ml/min.

CHARACTERIZATION:

[0055]

1. Surface area- 20% Cu/C - 700 m2/g

EXAMPLE 7

[0056] Catalyst Preparation: Composition - 20% CuCr2O4 on SiO2, Al2O3 and H-β zeolite A weighed quantity of
copper nitrate corresponding to 0.2069 moles of copper was dissolved in 165 ml of distilled water. A solution of ammonium
chromate corresponding to 0.1039 moles of Cr was prepared in 123 ml distilled water and adding drop wise approximately
18.158 ml of 30% aq. ammonia solution. The solution of nitrate was stirred while the ammonium chromate solution was
poured into it in a thin stream. Stirring was continued till the addition was completed after which reddish brown precipitate
was obtained. Simultaneously, weighed quantity of the respective supports corresponding to 20 wt% of Cu-Cr catalysts
was added to the above solution under stirring and the stirring was continued for 6 h. The supported catalyst in the form
of a solid was filtered and dried in oven at 110°C. This dreid catalyst was then calcined in a muffle furnace following the
programme as specified here under.

[0057] The calcined catalyst was activated for 12 h at 200°C under H2 flow of 43 ml/min and characterized for surface
area.

CHARACTERIZATION:

[0058]

1. Surface area-

a. CuCr2O4/Al2O3- 377.35 m2/g,

b. CuCr2O4/SiO2- 168.50 m2/g,

c. CuCr2O4/ H-θ zeolite - 180 m2/g.

2. XRD pattern of the prepared and activated 20%CuCr2O4/ H-β zeolite catalyst shown in Figure 4 shows the peaks
at 2θ values of 34.55° and 70.01° corresponding to mixed phases of Cu2+ and Cr3+ along with the peaks at 2θ values
of 43.27° assigned to metallic copper. The presence of both copper and chromium in the XRD pattern confirms the
supported Cu-Cr catalyst formation.

Calcination Program: 1 h at 100°C
1 h at 200°C
1 h at 300°C
2 h at 400°C
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EXAMPLES OF DEHYDRATION OF GLYCEROL

EXAMPLE 8

[0059] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220 °C using 80 g of 2-propanol as solvent.
0.01 g/ml of 67% Cu and 33% Cr catalyzed the reaction for 5 h to give glycerol conversion of 37% with 86% selectivity
to hydroxyacetone, 10% 1,2-propylene glycol, 4% ethylene glycol and <0.01 % to other products.

EXAMPLE 9

[0060] 20wt % glycerol was dehydrated at nitrogen ambient pressure at 220° C using 80 g of 2-propanol as solvent.
0.01 g/ml of 50% Cu+Cr; 30% Al; 20% Zn catalyzed the reaction for 5 h to give glycerol conversion of 32% with 100%
selectivity to hydroxyacetone.

EXAMPLE 10

[0061] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220°C using 80 g of 2-propanol as solvent.
0.01 g/ml of 71% Cu+Cr; 19% Al; 10% Ba catalyzed the reaction for 3 h to give glycerol conversion of 34% with 90%
selectivity to hydroxyacetone, 8% 1,2-propylene glycol, <2% ethylene glycol and <0.01% to other products.

EXAMPLE 11

[0062] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220°C using 80 g of 2-propanol as solvent.
0.01 g/ml of 13% Cu + 7% Cr + 80% SiO2 catalyzed the reaction for 3 h to give glycerol conversion of 8% with 100%
selectivity to hydroxyacetone, <0.01% 1,2-propylene glycol, <0.01% ethylene glycol and <0.01% to other products.

EXAMPLE 12

[0063] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220° C using 80 g of water as solvent. 0.8 g
of 50% Cu + 50% Al catalyst of nano size catalyzed the reaction to give glycerol conversion of 17% with 100% selectivity
to hydroxyacetone.

EXAMPLE 13

[0064] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220°C using 80 g of water as solvent. 0.8 g
of 70% Cu + 30% Al catalyst of nano size catalyzed the reaction to give glycerol conversion of 23% with 89% selectivity
to hydroxyacetone and 11% to 1,2-proplylene glycol.

Reference EXAMPLE 14

[0065] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220°C using 80 g of water as solvent. 1 g of
50% Cu + 50% Mg catalyst of nano size catalyzed the reaction to give glycerol conversion of 24% with 79% selectivity
to hydroxyacetone, 20% to 1, 2-propylene glycol and 1% to ethylene glycol.

EXAMPLE 15

[0066] 20 wt % glycerol was dehydrated at nitrogen ambient pressure at 220°C using 80 g of water as solvent. 1 g of
50% Cu + 50% Zr catalyst of nano size catalyzed the reaction to give glycerol conversion of 20% with 87% selectivity
to hydroxyacetone and 13% to 1, 2-propylene glycol.

EXAMPLE 16

[0067] 30 wt % glycerol was dehydrated in nitrogen ambient pressure at 220°C using 70 g of water as solvent. 0.01
g/ml of 50% Cu+50%Al catalyst of nano size catalyzed the reaction for 3 h to give glycerol conversion of 23% with 91%
selectivity to hydroxyacetone, 8% to 1, 2-proplylene glycol and 1% to ethylene glycol.
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EXAMPLE 17

[0068] 60 wt % glycerol was dehydrated in nitrogen ambient pressure at 220°C using 40 g of water as solvent. 0.01
g/ml of 50% Cu + 50% Al catalyst of nano size catalyzed the reaction for 3h to give glycerol conversion of 17% with 92%
selectivity to hydroxyacetone, 7% to 1, 2-proplylene glycol and 1% to ethylene glycol.

EXAMPLE 19

[0069] 20 wt % glycerol was dehydrated in nitrogen ambient pressure at 220°C using 80 g of water as solvent. 0.8 g
of 50%Cu+50%Al catalyst of nano size catalyzed the reaction to yield 21% conversion of glycerol in 7 h with 95%
selectivity to hydroxyacetone and 5% selectivity to 1,2-propylene glycol.

Reference EXAMPLE 20

[0070] Continuous dehydration of 20 wt% glycerol in 80 g of water was carried out at reaction conditions of 220°C,
20g of 50% Cu + 50% Al catalyst of nano size, 2MPa N2 pressure at GHSV, 513h-1, and LHSV,1.53h-1. The liquid
analysis after every 5 h showed that the conversion of glycerol was ≥95% with 50-54% selectivity to acetol and 30-35%
to 1,2-PG.
[0071] Our catalyst showed the stability up to 400 h for continuous dehydration of glycerol in which 1, 2-PG was also
a major product.

Reference EXAMPLE 21

[0072] In order to establish reusability of catalyst for glycerol hydrogenolysis reaction, the catalyst was filtered after
reaction and washed with a solvent. Then it was dried in oven at 383K and regenerated by reducing under hydrogen
(45 ml/min) and used for the subsequent reactions. This procedure was followed for two subsequent hydrogenolysis
reactions and results are shown in Table 3. As can be seen from Table 3 the activities of bulk catalysts decreased
substantially while the nano catalyst showed considerable activity even after the second recycle in terms of turn over
frequency (TOF) expressed as h-1.

EXAMPLE 22

SEPARATION OF ACETOL FROM THE REACTION MIXTURE

[0073] Separation of acetol from reaction mixture was carried out by fractional distillation under vacuum. Boiling point
of glycerol is 290°C which is higher than that of acetol i.e. 145°C. Due to the large difference in boiling points of glycerol
and acetol, acetol is easily separated from the reaction mixture as the first fraction and residue contains unreacted glycerol.

TABLE 3: CATALYST RECYCLES EXPERIMENTS

Reaction Conditions: Temp.- 220°C, 20 wt % Glycerol, Solvent- 2- Propanol, Catalyst-0.01 g/ml, Reaction time- 5 h.

Catalyst TOF/h-1 Selectivity

1, 2 PG Acetol ETG Others

Nano catalyst Cu:Al (1:1) (Fresh) 2.96 88 7 5 <0.01

(Used I) 2.58 78 18 4 <0.01

(Used II) 2.27 71 24 5 <0.41

Bulk catalyst (Cu:Cr) (Fresh) 0.92 74 24 2 <0.01

(Used I) 0.69 68 30 2 <0.01

(Used II) 0.61 65 32 3 <0.01

literature catalyst (Cu:Cr) (Fresh) 1.26 63 32 5 <0.01

(Used I) 1.09 55 41 4 <0.01

(Used II) 0.84 51 43 6 <0.01
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EXAMPLE 23

EXPERIMENTAL SETUP

I. BATCH PROCESS:

[0074] Glycerol hydrogenolysis reactions were carried in a 300 ml capacity autoclave (Parr Instruments Co., USA)
which was equipped with stirrer, heater, automatic temperature controller and a sample port for liquid sampling. The
required quantity of diluted glycerol and pre-reduced catalyst were introduced into the autoclave. The contents were first
flushed with nitrogen and then with hydrogen. Then the reactor was heated to the reaction temperature 220°C and the
system was pressurized with 51.71 bar (750 psi) H2 pressure.
[0075] The reaction was started by stirring the reactor content at 1000 rpm throughout the reaction.
[0076] Glycerol dehydration was also carried out by same experimental procedure at N2 ambient atmosphere without
H2 pressure.

II. CONTINUOUS PROCESS:

[0077] Continuous reaction was carried out in a fixed bed reactor equipped with a single tube SS reactor of 40 ml
capacity, high pressure liquid feed pump, mass flow controllers, gas sensor, gas flow meter and condenser. The glycerol
solution and hydrogen gas were introduced co- currently down flow over the catalyst bed through the reactor at the
desired gas and liquid flow rates. The downstream of the reactor was first passed through a gas -liquid separator and
then through the condenser in order to separate the excess hydrogen gas and to collect the reaction product crude for
the periodic analysis.

ADVANTAGES OF THE PRESENT INVENTION

[0078] Improved process for the preparation of hydroxyacetone by dehydration of glycerol with 100% selectivity to
hydroxyacetone.

• Single step process for the production of hydroxyacetone via glycerol.
• Minimize formation of side products in glycerol hydrogenolysis, such as ethylene glycol, propanol.
• Nano catalysts showed very high performance in this invention and were prepared by simple co-precipitation and

digestion method without using any template and/or capping agent.
• Mild reaction conditions (ambient pressure for dehydration).
• Catalysts reusability.
• The catalyst life achieved was 400 h for the continuous operation which produces hydroxyacetone, under dehydration

conditions.

[0079] The advantages of the disclosed invention are thus attained in an economical, practical, and facile manner.
While preferred aspects and example configurations have been shown and described, it is to be understood that various
further modifications and additional configurations will be apparent to those skilled in the art. It is intended that the specific
embodiments and configurations herein disclosed are illustrative of the preferred nature and best mode of practicing the
invention, and should not be interpreted as limitations on the scope of the invention.

Claims

1. A catalytic process for the conversion of glycerol to hydroxyacetone, with 80-100% selectivity, said process com-
prising the steps of,

(a) charging 10-80 % by weight of glycerol, a solvent selected from water, alcohols and combinations thereof,
and a pre-reduced catalyst selected from the group Cu, Cr, Al, Ba, Zn, Si, Zr, Mg or in combinations thereof,
into an autoclave with or without hydrogen in the mole ratio in the range of 15-500;
(b) flushing the mixture as obtained in step (a) with nitrogen at ambient pressure; and subsequently heating the
same in the range of 180°C -220°C for a period of 1-24 hours with stirring speed in the range of 300-1700 rpm
to get hydroxyacetone;
(c) separating hydroxyacetone from reaction mixture as obtained in step (b) by fractional distillation to get pure
hydroxyacetone.
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2. The process as claimed in claim 1, wherein in step (a) the said solvents are selected from water, aliphatic alcohols,
alone or in combinations thereof.

3. The process as claimed in claims 1, wherein in step (a) said catalysts are nano size.

4. The process as claimed in claim 1, wherein in step (a) said catalysts are recyclable.

5. The process as claimed in claim 1, where the catalyst composition having 50 % Cu and Cr; 30% Al; 20 % Zn in 2-
propanol as solvent yields hydroxyacetone with 80 to 100% selectivity.

6. The process as claimed in claim 1, where the catalyst composition of 13 % Cu; 7 % Cr; 80 % SiO2 in 2-propanol as
solvent yields hydroxyacetone with 100% selectivity.

7. The process as claimed in claim 1, where the nano sized catalyst composition of 50 % Cu; 50 % Al in water yields
hydroxyacetone with 95 to 100% selectivity, wherein the catalyst having nano size in the range of 7 to 80 nm,
preferably 7 to 13 nm.

8. The process as claimed in claim 1, where the catalytic process is carried out in liquid phase.

9. The process as claimed in claim 1 wherein said process is conducted in batch or continuous mode.

Patentansprüche

1. Katalytisches Verfahren zur Umwandlung von Glycerin in Hydroxyaceton, mit 80- bis 100 %iger Selektivität, wobei
das Verfahren die folgenden Schritte umfasst

(a) Beschicken eines Autoklaven, in Gegenwart oder Abwesenheit von Wasserstoff im Molverhältnis im Bereich
von 15 bis 500, mit 10 bis 80 Gewichts-% an Glycerin, einem Lösemittel, das aus Wasser, Alkoholen und deren
Kombinationen ausgewählt ist, und einem vorreduzierten Katalysator, der aus der Gruppe von Cu, Cr, Al, Ba,
Zn, Si, Zr, Mg oder deren Kombinationen ausgewählt ist,
(b) Spülen der Mischung, wie sie in Schritt (a) erhalten wurde, mit Stickstoff bei Atmosphärendruck; und an-
schließend Erwärmen derselben während eines Zeitraums von 1 bis 24 Stunden im Bereich von 180 °C bis
220 °C, wobei die Rührgeschwindigkeit im Bereich von 300 bis 1.700 U/min. liegt, um Hydroxyaceton zu erhalten;
(c) Abtrennen des Hydroxyacetons von der Reaktionsmischung, wie sie in Schritt (b) erhalten wurde, mittels
fraktionierter Destillation, um reines Hydroxyaceton zu erhalten.

2. Verfahren wie in Anspruch 1 beansprucht, wobei in Schritt (a) die Lösemittel aus Wasser, aliphatischen Alkoholen,
allein oder in Kombinationen davon, ausgewählt sind.

3. Verfahren wie in Anspruch 1 beansprucht, wobei in Schritt (a) die Katalysatoren in einer Nanogröße vorliegen.

4. Verfahren wie in Anspruch 1 beansprucht, wobei in Schritt (a) die Katalysatoren wiederverwendbar sind.

5. Verfahren wie in Anspruch 1 beansprucht, wobei mittels der Katalysatorzusammensetzung, welche 50 % Cu und
Cr; 30 % Al; 20 % Zn in 2-Propanol als Lösemittel aufweist, mit einer Selektivität von 80 bis 100 % Hydroxyaceton
erhalten wird.

6. Verfahren wie in Anspruch 1 beansprucht, wobei mittels der Katalysatorzusammensetzung von 13 % Cu; 7 % Cr;
80 % SiO2 in 2-Propanol als Lösemittel mit einer Selektivität von 100 % Hydroxyaceton erhalten wird.

7. Verfahren wie in Anspruch 1 beansprucht, wobei mittels der Katalysatorzusammensetzung im Nanomaßstab von
50 % Cu; 50 % Al in Wasser mit einer Selektivität von 95 bis 100 % Hydroxyaceton erhalten wird, wobei die Nanogröße
des Katalysators im Bereich von 7 bis 80 nm, vorzugsweise von 7 bis 13 nm, liegt.

8. Verfahren wie in Anspruch 1 beansprucht, wobei das katalytische Verfahren in der Flüssigphase durchgeführt wird.

9. Verfahren wie in Anspruch 1 beansprucht, wobei das Verfahren chargenweise oder kontinuierlich durchgeführt wird.
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Revendications

1. Procédé catalytique de conversion du glycérol en hydroxy-acétone avec une sélectivité de 80 à 100 %, lequel
procédé comporte les étapes suivantes :

a) charger du glycérol, en une proportion de 10 à 80 % en poids dans un solvant choisi parmi l’eau, les alcools
et leurs combinaisons, et un catalyseur pré-réduit choisi dans l’ensemble formé par les cuivre, chrome, alumi-
nium, baryum, zinc, silicium, zirconium, magnésium et leurs combinaisons, dans un autoclave, avec ou sans
hydrogène, en un rapport molaire situé dans l’intervalle allant de 15 à 500 ;
b) balayer le mélange obtenu dans l’étape (a) avec de l’azote sous pression ambiante, et chauffer ensuite ce
mélange à une température située dans l’intervalle allant de 180 à 220 °C pendant un laps de temps de 1 à 24
heures, tout en agitant le tout à une vitesse située dans l’intervalle allant de 300 à 1700 t/min, pour obtenir de
l’hydroxy-acétone ;
c) et séparer l’hydroxy-acétone du mélange réactionnel obtenu dans l’étape (b), par distillation fractionnée, pour
obtenir de l’hydroxy-acétone pure.

2. Procédé conforme à la revendication 1, dans lequel, dans l’étape (a), lesdits solvants sont choisis parmi l’eau et les
alcools aliphatiques, utilisés seuls ou en combinaison.

3. Procédé conforme à la revendication 1, dans lequel, dans l’étape (a), lesdits catalyseurs sont de taille nanométrique.

4. Procédé conforme à la revendication 1, dans lequel, dans l’étape (a), lesdits catalyseurs sont recyclables.

5. Procédé conforme à la revendication 1, dans lequel un catalyseur composé de 50 % de Cu-Cr, 30 % d’Al et 20 %
de Zn, avec du 2-propanol comme solvant, donne de l’hydroxy-acétone avec une sélectivité de 80 à 100 %.

6. Procédé conforme à la revendication 1, dans lequel un catalyseur composé de 13 % de Cu, 7% de Cr, et 80 % de
SiO2, avec du 2-propanol comme solvant, donne de l’hydroxy-acétone avec une sélectivité de 100 %.

7. Procédé conforme à la revendication 1, dans lequel un catalyseur de taille nanométrique, composé de 50 % de Cu
et 50 % d’Al, dans de l’eau, donne de l’hydroxy-acétone avec une sélectivité de 95 à 100 %, et dans lequel la taille
nanométrique des particules de catalyseur se situe dans l’intervalle allant de 7 à 80 nm, et de préférence, de 7 à 13 nm.

8. Procédé conforme à la revendication 1, lequel procédé catalytique est mis en oeuvre en phase liquide.

9. Procédé conforme à la revendication 1, lequel procédé est mis en oeuvre en mode discontinu ou en mode continu.
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