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Abstract: Acetaldehyde was prepared via decarbonylation of lactic acid using zirconium pyrophosphate catalyst.
The zirconium pyrophosphate was prepared through reaction of zirconyl nitrate with pyrophosphatic acid in
ethanol-water-dispersant mixed solution at ambient temperature. Effect of catalyst preparation conditions such as
template agent and calcined temperature on decarbonylation of lactic acid to acetaldehyde was investigated.
Several measurements such as wide X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM), nitrogen physisorption, NHs-temperature programmed desorption (NH;-TPD),
and CO,-temperature programmed desorption (CO,-TPD) were performed to disclose the structure and surface
properties of catalysts. Furthermore, the relationship between template agent and calcined temperature, and
texture, acid-base properties, and activity was discussed. Based on this discussion, we reveal that the
decarbonylation of lactic acid to acetaldehyde is synergistically catalyzed by acidic sites and basic sites. Besides,
the reaction conditions such as reaction temperature and lactic acid feed flow rate were also investigated.

Compared with other related catalysts, this catalyst has better low temperature activity. Acetaldehyde selectivity
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almost remained unchanged although lactic acid conversion varied with lactic acid feed flow rates. The stability

of catalyst was evaluated at high lactic acid liquid hourly space velocity (LHSV), less amount of catalyst, and low

lactic acid conversion

(<40%). As a result, lactic acid conversion and acetaldehyde selectivity were almost

unchanged in 50 h on stream, suggesting an excellent stability in this catalyst. In addition, over the zirconium

pyrophosphate catalyst, the possible catalytic reaction mechanism on decarbonylation of lactic acid to

acetaldehyde was proposed. Tail gas detection demonstrates that the formation of acetaldehyde from lactic acid

ascribes the decarbonylation reaction as the main path.

Keywords: zirconium pyrophosphate; decarbonylation; lactic acid; acetaldehyde; biomass
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Fig.1 XRD patterns (a) and FT-IR spectra (b) of ZrP,0; samples prepared with different template agents
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Fig.2 XRD patterns (a) and FT-IR spectra (b) of ZrP,0; samples calcined at different temperatures
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Table 1 Texture parameters of ZrP,0, samples

prepared with different template agents®

Template Seer / Pore volume /
Pore size / nm
agent mig')  (enteg))
Aminobenzene 7 0.05 24.2
P123 149 0.60 16.0
Tween 80 185 0.88 19.1
— 128 0.35 11.0

* Calcined temperature: 600 °C, Template agent dosage: 6

g » “—", without template agent.
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Table 2 Texture parameters of ZrP,0, samples

calcined at different temperatures

Calcined Seer / Pore volume /
Pore size / nm
temperature / °C (m*g™) (em®-g™)
— 198 0.48 8.1
600 149 0.60 16.0
900 31 0.16 19.3

Template agent: P123.
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Fig.3 NHs-TPD profiles (a) and CO,-TPD profiles (b) of ZrP,0O; samples prepared with different template agent
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Fig.4 NHs-TPD profiles (a) and CO,-TPD profiles (b) of ZrP,0, samples calcined at different temperatures
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Table 3 Effect of template agent on the catalytic activity for the decarbonylation of LA to AD*

S19%"
Template agent CRiA/ %
AD AC PA AA
Aminobenzene 38.2 61.4 11.9 6.5 15.1
P123 96.0 88.0 43 2.3 42
Tween 80 93.1 87.7 4.1 2.7 4.3
— 82.0 80.0 6.0 4.1 7.7

* Dosage of catalyst: 0.19¢~0.22 ¢; Calcined temperature: 600 °C; Particle size: 20~40 meshes; Carrier gas (N,): 1.2 mL-min™'; Feed
flow rate (01,=20%): 1.6 mL-h™"; TOS: 4~5 h; Reaction temperature: 300 °C; * LA: lactic acid, AD: acetaldehyde, AC: acetic acid, PA:

propionic acid, AA: acrylic acid; © “—", without template agent.
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Table 4 Effect of calcined temperature on catalytic activity for the decarbonylation of LA to AD®

S/ %"
Calcined temperature / °C CRiA/ %

AD AC PA AA
— 94.0 87.3 4.4 2.7 4.4
400 95.4 88.2 43 24 3.9
600 96.0 88.0 4.3 23 42
800 90.9 85.0 4.6 2.6 45
900 68.8 69.1 9.5 6.2 10.0

* Dosage of catalyst: 0.20~0.32 g; Particle size: 20~40 meshes; Carrier gas (N,): 1.2 mL-min™;Feed flow rate (10,=20%): 1.6 mL-
h'; TOS: 4~5 h; Reaction temperature: 300 C; " LA: lactic acid, AD: acetaldehyde, AC: acetic acid, PA: propionic acid, AA: acrylic

acid; © “—”, without calcination.
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Table 5 Effect of reaction temperature on catalytic activity for the decarbonylation of LA to AD*

S/ %"
Reaction temperature / C CRuy / %
AD AC PA AA
260 85.9 86.9 4.5 2.3 4.6
280 94.5 87.5 43 2.4 44
300 96.0 88.0 43 2.3 4.2

* Dosage of catalyst: 0.22~0.24 g;Calcination temperature: 600 °C; Particle size: 20~40 meshes; Carrier gas  (N»): 1.2 mL-min™; Feed
flow rate (10,=20%): 1.6 mL-h™'; TOS: 4~5 h; " LA: lactic acid, AD: acetaldehyde, AC: acetic acid, PA: propionic acid, AA: acrylic acid.
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Dosage of catalyst: 0.1 g; Calcination temperature: 600 °C; Parti-
cle size: 20~40 meshes ; Carrier gas (Ny): 1.2 mL-min™; w1 20%;
Feed flow rate: 4.8 mL-h™; Reaction temperature: 300 °C
s Ak R AR e
Fig.5 Stability of the catalyst
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Table 6 Effect of LA feed flow rate on catalytic activity for the decarbonylation of LA to AD?

LA feed flow rate / WIF /] S/ %"
CRys /%
(mL-h™) (g-h-mol™) AD AC PA AA
0.8 123 98.9 84.7 4.5 3.0 5.1
1.6 62 96.0 88.0 43 2.3 42
2.4 41 93.5 86.9 4.2 2.5 4.1
4.8 20 74.2 86.5 44 32 4.5

* Dosage of catalyst: 0.22~0.24 ¢; Calcination temperature: 600 °C; Particle size: 20~40 meshes; Carrier gas  (Ny): 1.2 mL-min™'; wyy:

20%; TOS: 4~5 h; Reaction temperature: 300 °C; " LA: lactic acid, AD: acetaldehyde, AC: acetic acid, PA: propionic acid, AA: acrylic

acid.
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Fig.6  Proposed mechanism for decarbonylation of lactic acid to acetaldehyde over zirconium pyrophosphate catalyst
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Supporting information is available at http://www.wjhxxb.cn
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