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Abstract : With the recent development of the biological enzymatic reaction industry, lactic acid (LA) can be mass-produced
from biomass sources. In particular, a catalytic process that converts LA into acrylic acid (AA) is receiving much attention
because AA is used widely in the petrochemical industry as a monomer for superabsorbent polymers (SAP) and as an adhesive for
displays. In the LA conversion process, NaY zeolites have been previously shown to be a high-activity catalyst, which improves
AA selectivity and long-term stability. However, NaY zeolites suffer from fast deactivation due to severe coking. Therefore, the
aim of this study is to modify the acid-base properties of the NaY zeolite to address this shortcoming. First, base promoters, Ca
ions, were introduced to the NaY zeolites to tune their acidity and basicity via ion exchange (IE) and incipient wetness
impregnation (IWI). The IWI method showed superior catalyst selectivity and stability compared to the IE method, maintaining a
high AA yield of approximately 40% during the 16 h reaction. Based on the NH;- and CO,-TPD results, the calcium salts that
impregnated into the NaY zeolites were proposed to exit as an oxide form mainly at the exterior surface of NaY and act as
additional base sites to promote the dehydration of LA to AA. The NaY zeolites were further treated with KOH before calcium
impregnation to reduce the total acidity and improve the dispersion of calcium through the mesopores formed by KOH-induced
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desilication. However, this KOH treatment did not lead to enhanced AA selectivity. Finally, calcium loading was increased from
1wt% to Swt% to maximize the amount of base sites. The increased basicity improved the AA selectivity substantially to 65% at

100% conversion while maintaining high activity during a 24 h reaction. Our results suggest that controlling the basicity of the
catalyst is key to obtaining high AA selectivity and high catalyst stability.
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Table 1. Textural properties of the prepared catalyst samples.

Sger Sexternal Smicro Viot

Catalyst (m’/g) (m’/g) (m’/g) (cm'/g)
NaY 808.0 5.7 802.3 0.33
KOH-NaY 570.4 9.2 561.2 0.29
Ca(IE)-NaY 63.9 8.9 55.0 0.09
Ca(IWI)-NaY 412.1 2.1 410.0 0.20
Ca(IE)-KOH-NaY 8.9 6.0 2.9 0.05
Ca(IWI)-KOH-NaY 9.4 5.0 44 0.05

- Sger: BET surface area
- Smicro: Micropore area obtained by t-plot analysis.

- Sextemal: External surface area obtained by t-plot analysis combined with BET surface area.

- Vio: Single point desorption total pore volume (P/Py = 0.99).
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Figure 2. Temperature programmed desorption (TPD) of NH; and CO, for metal salt-treated NaY zeolites. (a) NH;-TPD for Ca-NaY, (b)
CO,-TPD for Ca-NaY, (c) NH3;-TPD for Ca-K-NaY and (d) CO,-TPD for Ca-K-NaY.

Table 2. The acidity and basicity of the catalyst samples

Acidity (mmol/g) | Basicity (mmol/g)
Catalyst Weak | Strong | Weak Strong
acidity | acidity | basicity | basicity
NaY 4.33 0.38
Ca(IE)-NaY 2.89 0.13 -
Ca(IWI)-NaY 3.05 0.14 -
KOH-NaY 3.02 0.10 0.01
Ca(IE)}-KOH-NaY | 131 | 017 0.15 -
Ca(IWI)-KOH-NaY 2.20 0.07 0.01
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Figure 3. Activity results of various calcium promoted NaY zeolites for the dehydration of lactic acid to acrylic acid. (a) NaY, (b) Ca(IE)-NaY
and (c) Ca(IWI)-NaY. Reaction conditions: 10 wt% lactic acid solution, Temp = 598 K and LHSV = 0.64 h!
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Figure 4. Activity results of various NaY zeolites treated with calcium nitrate and potassium hydroxide for the dehydration of lactic acid to
acrylic acid. (a) NaY, (b) KOH-NaY, (c) Ca(IE)-KOH-NaY and (d) Ca(IWI)-KOH-NaY. Reaction conditions: 10 wt% lactic acid

solution, Temp = 598 K and LHSV = 0.64 h’!
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Figure 5. Activity results of KOH-treated and calcium nitrate-impregnated NaY zeolites with different calcium loadings. (a) 1 wt% and 5 wt%
Ca(IWI)-KOH-NaY (16 h) and (b) 5 wt% Ca(IWI)-KOH-NaY (0~24 h). Reaction conditions: 10 wt% lactic acid solution, Temp =

598 K and LHSV =0.64 h'!
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